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Patora Buimosaena B Jlaboparopuu aaepubix mpobaem um. B.I1. Txenenosa

O0beIMHEHHOTO HHCTUTYTA SIIEPHBIX UCCIeTOBAHUUN

Odurmanbabie OMITOHEHTHI: JOKTOp (PU3UKO-MATEMATHICCKUX HAYK

B.A.Benusikos (OUAN), dy6ua

IOKTOD (PUBUKO-MATEMATHICCKAX HAYK
A.A.Pocrosues (UT3D), Mocksa

JOKTOP (PUBNKO-MATEMATHIECKUX HAYK
A K.Ilonocos (MUPIT), Mocksa

Bemytee naywno-

MCCJIEIOBATETHCKOE Hayano-uccaeoBaTebCKuit MHCTUTYT
YIPEK ICHHE: sneproit pusukn (HUUAD) MI'Y, Mocksa
3amuTa JUCCepTalUA COCTOUTCA ?o« ? 2007 1. B JaCOB Ha,

zacegannu guccepranuorroro cosera JI 720.001.03 8 O6bequHEeHHOM HHCTUTYTE SIAEPHBIX HCC/IE-

nosanwuii, r. ybra Mockosckoit obractu.

Apropedepar pazocian ¢ v 7 2007 r.

C amcceprarmeil MOXKHO 03HAKOMUTBLCS B Oubsmmoreke OO0beINHEHHOTO HHCTUTYTA AJEPHBIX HC-

CJIEJOBAHUIA.

Vdenblit ceKperaph JHUCCEPTAIMOHHOIO COBETA

IIOKTOP (PU3UKO-MATEMATHIECKUX HAYK, Tpodeccop FO.A.Barycos



OBIIAA XAPAKTEPUCTUKA PABOTHI

AKTyaJIbHOCTH TE€MBI

O,ZLHI/IMI/I M3 I'JIaBHBIX HaHpaBJ’[eHI/Iﬁ COBPEMEHHBIX I/ICC.HQ,ZLOBaHI/IfI B IIY49KaX 9aCTUI BBICOKUX 9HED-

ruit u, B gactHoctu, Ha TOBATPOHE sasrstores:

o llzyuenwve CBOMCTB TON-KBApPKa - M3MEPEHUsT MACCHI, CEUCHU POXKICHUA, TTOaapu3aruu. 1or-
KBapK - Hanbojiee MACCUBHBIN W3 U3BECTHLIX (DYHIAMEHTAJBHBIX YACTHUIL U JE€TAIBHOE M3y Ue-
HUE ero CBOMCTB yriybJisieT TOHUMAaHNE MEXaHU3Ma [TOJIyUeHUs] YaCTUIIAMU MaCcC U MacCOBOI

repapxuu pyHIaMEHTAIBHBIX TACTHII.

e BricokoTouHBIE m3Mepenna Macchl W-6030Ha 1 MacChl TOI-KBapKa i OUPAHUYEHNS OIY-
cTUMOIT obsracTi Mace Xurrc-6030Ha, BEIUUCISIEMO Uepe3 paararioHHbIe TTOTTPABKH K Macce

W-6030na.

-0
o llzyuenwme pacmnagos B-me30H0OB: m3mMepenne mapaMeTpoOB OCITULIAIIITH BS—BS ME30HOB, Bpe-

MeH )u3Hu u macc b/c agponos, napamerpos CP-napymaromux nporeccos u jp.

e [louck sieenwit u vactuil 3a pamramu Cranmapraoit Mogesn: cynepcuMMeTPpUIHBIX TaCTHII,

XwurrcoBckux 0030HOB U JIP.

I/ICC,HQ,Z[OBaHI/IH 0 YKa3aHHBIM aKTYaJbHBIM HAITPABJICHUAM COBpeMeHHOﬁ CbI/ISI/IKI/I BBICOKUX 3HEP-
rUil BK/IIOUEHBI B porpammy skcrepumenTta CDF.

IxcnepumenT CDF craprosan B 1988 rony; B 1996 rony B CBA3UW C PEKOHCTPYKITHEH U POCTOM
ceerumoct TEBATPOHA npennpunsara 3HadnTeIbHas MOIEPHU3AINAs OOJBIIIMHCTBA, [TOICHCTEM
YCTAHOBKHU ¥, B 4acTHOCTH, pu akTuBHOM ydactun OUAN cozgan HOBBINH TUIT TpUTTEpa HA BTO-
puunyto sepmmay (Silicon Vertex Trigger - SVT) Ha 0CHOBE BEPIIMHHOTO KPEMHUEBOTO JIETEKTOPA.
Taxke 3HAUNTETLHO JOTOJHEHA W YCOBEPIIEHCTBOBAHA CHUCTEMa CIMHTHLAAITUOHHBIX CUETIHKOB
MIOOHHOT'O TPUTTEPA.

Hwucceprammst moCBsIIeHa:

® N3MEPEHHUIO MaCChl TOII-KBapKa B TaK Ha3bIBAEMOU ILI/IJ'[QHTOHHOfI MoIe

e pa3paboTKe W MPUMEHEHWIO TPUTTEpa Ha BTOPUUHYIO BEPIUHY B UCCIETOBAHUAX O (PUINKE

TAZKEJIbIX KBapPKOB

Bo Bropoum ceance Tasarpona, nagasmemcs B 2001 ., CDF HakomuT nHTErpaJbHY0 CBETUMOCTb,
B HECKOJILKO pa3 TPEBBIMIAIOITY0 HabpaHuyo B 1-M ceance. Yweauwdenne sueprun TOBATPOHA
n akcenranca ycranoBku CDF rtakyke cmocoOCTBOBAIN yBEIUYEHUIO UHUCTa HAOPAHHBIX COOBITHI
¢ pacnagaMu t-KBapKOB ¥ 60Jiee TOUHOMY M3YUEHUIO XapaKTepUCTHK t-KBapKoB. Takum obGpazom,
OCYIIECTBJIEH TEPEXO/ OT “IMITYYHOTO” M3YUeHUs] STUX KBAPKOB K CTATUCTUYECKU ODECTIeUEeHHBIM

SKCIIEpUMEHTAM, OTKDPBIBIITUI HOBOE HampaBJjeHue - (DU3UKY TOM-KBAPKOB.



Macca t-kBapKa, KaK U OCTaJbHBIX KBAPKOB, HE IIPEJICKAZBIBAETCS TEOPUE, SABIASICH TApaMeTPOM
CTAHJIAPTHON MOJIEJIN, KOTOPBIH JI0JIKeH BBITh OTPeIeJIeH SKCIIepuMeHTaILHO[?].

Nzmepenns B 1-om cearice TOBATPOHA onpesemann maccy Ton-ksapka 178.0+4.3 GeV /c?[P],
uro mpumepHo B 40 pa3 Tskenee Macchl b-kBapka. Takasi 6onbIast Macca, OJU3Kas K BEIUIHHE
HapYIIEeHNs JIeKTpoc1aboil cummverpnn v = (v/2G F)*l/ 2~ 246 GeV, HABOJUT HA MBIC/Ib, 9TO TOII-
KBapK MOYKeT UrpaTh 0cobyio POJIb B IPOIECCe HAPYIeHUs 3jeKTpociaaboii cummerpun[©|. Boabroi
BKJIAJ], TSZKETOTO TOM-KBAPKA depe3 MeTJIEBbIe TOMPABKY B MAPAMETPHBI 9IeKTPOCIAb0TO B3anMOIeHi-
cTBUs 06eCTIeunBaeT MOIIHBIN TECT cTaHAAPTHON Momenu. B wacTHOCTH, TOUHOE M3MEPEHNe MacChl
TOI-KBapPKa HAPSIy C TOUHBIM H3MepenneM Macchl W-6030Ha HAKJIAIBIBAIOT KECTKUE OTPDAHUIEHUS
Ha Maccy Xwurrc-6030Ha.

CyMMupoBaHHbBIE B JAHHON paboTe u3MEpeHUs MaCChl TOTM-KBAPKa B JUJIEITOHHOW MOJIe Ha, TaH-
upix yerasoskn CDFII ma crarucruke 340 pb~! momydensl ¢ moMomipio Tak HaszbiBaemoro PHI
meroa (Neutrino Phi Weighting Method)- ¢ mpusiedenremM TOMOTHATENBHBIX TPEIONIOKEHIH 00
asMMyTaJbHBIX yriax ¢ meirpuno [1],[2], [4],[5]. Dror pesyasrar oTMedeH Kak BayKHOE JOCTHIKEHIE
B Boinycke “ Fermilab Today” ot 28 utona 2005 1.

PazButne TexHOJIOTHE CO3TAHUST MUKPO-CTPHUIOBBIX JETEKTOPOB U COMYTCTBYIOMIEH SIEKTPOHH-
KU OTKPBLIO YHUKAJIbHBIE BO3MOXKHOCTH MX UCIOJIB30BaHUS B (DU3UKE BBICOKUX SHEPTUI U TIPEK e
BCEro AJjid CO3aHud paHee HEAOCTYIHBLIX TPUTTEPOB. TOqHOCTb KPEMHHUEBOT'O AETEKTOPa ITO3BO-
JIFET M3MEPATh NpuneabHblii napamerp tpeka (d) ¢ norpemuocThio ~ 30um U BBIAETUTH TPEKH
or B-anpona. Ha aapoHHBIX KoJTaiiepax cedeHMe POXKICHUSA JIETKUX KBAPKOB MPEBOCXOISAT Ce-
YeHUs] POXKJIeHUsi D-KBapKOB Ha HECKOJBKO HOPSIKOB. Takum 06pazoM, BO3ZMOXKHOCTH HU3MEPSTH
NPUIEIBLHBIE TTAPAMETPBI TPEKOE (d) Ha TPUTTEPHOM YPOBHE C BHICOKO# TOYHOCTHIO OTKPBIBAET HO-
BOE HAIIPABJICHUE Jjid DKCIEPUMEHTOB HA AAPOHHBIX KOJUIAfiflepax - IpPern3noHHOe UCCIeI0BAHNE
mpotieccoB ¢ obpazoBanueMm B-aapoHos.

OO6BITHBIE TPUTTEPHI HA AIPOHHBIX KOJUTAMIepax /I W3y deHust (DU3UKU TAKETBIX KBApKoB (b, ¢)
- 3TO JUMIOOHHBIH Tpurrep ana J/i¢ m tpurrep s noxynentounbix b-pacnanos. Cozmanne SVT
OTKPBLJIO HOBBIN THUII TPUTTEPa s HabOPa MOJSHOCTHIO AJPOHHBIX MOJ PACIAI0B W PACITHPUIIO
BO3MOXKHOCTH TIOJIYJIEITOHHOTO TPUTTEPA..

Braronapst npumenenuto SV'T tpurrepa na CDF II cTaso Bo3MOKHBIM U3MEDEHUE YaCTOTHI OC-
WIS BS—ES. Mamepenns nposegens! Ha cratuctike 1 b~ ma mabopax n3 3,600 moaHOCTHIO
BOCCTAHOBJIEHHBIX aPOHHBIX pacianoB Bg u 37,000 4acTuvuHO PEKOHCTPYUPOBAHHBIX TIOJIY/IEIITOH-
HbIX pacrnagoB Bs. C moMmorpio TUrrepa Ha BTOPUYHYEO BEPITUHY BIEDPBBIE H3MEPEHO 3HAUCHUE
apaMerpa OCIUJLINH BS—ES mesonoB Amg = 17.31 7033 (stat.) +0.07 (syst.) ps—! [6].

Ilesn pabGoThl

[Menpio gamHON AUCCEPTAITMOHHON PAbOTHI SIBISIETCSI U3MEPEHNE MACCHI TOT-KBapKa B JUJJIEIITOH-

HOII Moze pacmaga Ha gaHubix ycranosku CDF ¢ momorisio Tak mHassiBaemoro PHI meroma.

[*] A.Olchevski, “Precision Tests of The Standard Model”, Electroweak Review writeup, Europhysics Conference on
High Energy Physics, Brussels,1995

[°] CDF and DO Collaborations, and the Tevatron Electroweak Working Group: arXiv:hep-ex/0404010.

[°] M. Hashimoto, M. Tanabashi and K. Yamawaki, “Top mode standard model with extra dimensions”. Phys. Rev.
D 64, 056003 (2001);



Bropoit BaxkHoit 3a1a4eil JaHHON JUCCEPTAIMOHHON PabOTHI ABJIsiETCS TIPOBEJIeHE PAa3pabOTOK B
PaMKax KOMILJIEKCHOTE TPOTPaMMBbI CO3JaHUA YHUKAJIBHOTO HOBOTO TPUTTEPA Ha BTOPUYHYIO BEPIITHN-
HY I/ aIPOHHOTO KOJ/LTafiiIepa v NPUMEHEHNe JAHHOTO TPUITEePa J/id N3y IeHusT (DU3NKHN TAXKEIBIX
KBapKoB. B wacTHOCTH, M1 M3MepeHnud TapaMeTpa CMEITuBAHIST BS—ES ME30HOB, U3MEpeHud ceve-
HHUSI IPAMOTO PosKieHnst D-Me30HOB, yTounenust Mace B, Ap, yrounenus pasuuisl mace DF — DT,
u3Mepenns Bpemenn xusnn Ay u nabmonenus BY — ¢ pacnana.

Hayunaa HoBu3zHa paboThbi

Brimosseno onHo m3 Hanboaee TOUHBIX HE3ABUCUMBIX M3MEPEHHI Macchl t-KBapKa B “IMIenTOH-
HoM " KaHaje pacmaia Ha craructuxe 340 pb~! [2] ¢ momoMIBIO PAa3BUTOrO B IUCCEPTAITMH TAK
nassiBaemoro PHI merona.

Briepsbie B mpakTHKe HCCIEI0OBAHNS Ha QJIPOHHBIX KOJLIalTepax pa3spaboTan, CO3MaH U yCIEITHO
IPUMEHEH TPUrTep Ha BTOPUYUHYIO BEPIIUHY B3AMMOIEHCTBHS. JaHHbIi TpUTTED TO3BOJINI BIEPBLIE

. 10 Y
U3MEPHUTh 3HadeHue mapamerpa Amg ocumwuisnuit Bg-B

s ME30HOB U IIOJIYYUTH BazKHBIEC HOBBLIE

MaHHbIe TPUHIHTTAAILHOTO 3HAYEHNS B 001aCTH (PU3NKK C,b-KBAPKOB.

[Tpencrasiennbie B AUCCEPTAIMN PE3YABTATHI IO CBOEH HAYYIHOH MPOOIEMATHKE ITPUHAIIEIKAT
K 9HCIY aKTYaJbHBIX Pa3Ie/oB (PU3NKHM BBICOKUX SHEPIUi 1, IO COMEPKATENIHHOCTH, OTHOCATCS K
ITOCTHKEHUAM IPUHINIHAJILHOTO HAYIHOr0 3HAUYEHHUsI, BOCTPEOOBAHHBIM COBPEMEHHON TEOpHeii.

HayuHo-npakTudeckasa 3HAUYUMOCTL PaboOThI

B pamkax mmcceprannonHO#l pabOThI pa3BuT U anpoOMPOBAH METOJ U3MEPEHU MACCHI t-KBapKa
B JUJIENTOHHON Moje (Tak HaswsiBaemblit PHI MeTos) n m3Mepena Macca 9TOro KBapKa MO JTAHHBIM
ycranopkn CDF (PEPMUJIAB) ma cratuctuke 340 pb~!. DTo m3Mepenne mo3BOIMIO YCTAHOBUTE
COTJIACHe BEJUYIHUH MacC t-KBapKOB, TOJYYEHHBIX B OJHO-JENITOHHON W JBYXJIETTOHHON MOgaxX pac-
maja ¥ YITEHO B UTOTOBOI BeJIMUWHE MacChl t-KBapka, noaydennoit CDF kosuraboparnmei.

Nznoxennas B auccepTaruu KOHIEINAST U METOIUKA 00PabOTKHN W aHAIM3a PEIKUX TPOIECCOB
B O0/IBIITNX WHMOPMAIMOHHBIX TOTOKAX HalijleT IpUMEHEHUE B SKCIIEPUMEHTAX HOBOTO MOKOJIEHUS
wa LHC.

Co3/1aHHBIN IPY YYACTHH JUCCEPTAHTA TPUITED HA BTOPUUHYIO BEPIIUHY OTKPBLT TPUHITUTHAJ -
HO HOBBIE BO3MOXKHOCTH B IKCIEPUMEHTAX HA aJIDOHHBIX Kojuaiinepax. OH M03BOJISET TPOBOIUTD
ITOJTHOMACIITAOHYIO TIPOTPaAMMy HCCASAOBAHUN 1o dusuke b, c-KBapKOB, T.K. 3pPEeKTUBHO IOIAB-
gster KX JI. ¢dou. B gacrHoCcTH, TpUMeEHEHHE JAHHOTO TpUrTepa Ha Kosutaiizepe 8 PEPMUJIAB
[TO3BOJIMJIO BIIEPBBIE B COBPEMEHHOW (DU3MKE M3MEPUTH 3HAUEHUE MapaMeTpa OCIAJIIATNN BS—E?
ME30HOB.

OcHoBHbIE pe3yJIbTaTbl, BBIHOCKMMbIE HA 3AILUATY:

1. M3mepenue Macchl t-KBapKa B JMJICITOHHON Moje paciaja Ha cratuctuxe 340 pb~! ¢ mo-
MOIIBIO Pa3BUTOrO HaMmu Tak HasbBaemoro PHI meroma: My, = 169.7 J_rgjg (stat.) +

4.0 (syst.) GeV/c?. Pesynbrar NpUHAIEKHT K GACTYy HAMOOIEE TOUHBIX HE3ABUCHMBIX H3-

Mepenuit maccol t-kBapka B “munentonnom” kanasne u somen B8 coopuuk PDG (Particle Data

Group, 2006 r.).

2. Ilpennoxenue, onrumusanus u upumererue na CDFII merona namepenust Macchl t-KBapKa B

JIAJIENITOHHOM MOJIe pacnajga ¢ PEKOHCTPYKITHEl COOBITUI TTPU TTOMOIIU CKAHUPOBAHUST MATPH-



bl a3UMYTAALHLIX YIJIOB pasJera IByX HelTpuHo. AIpodaliusd MeTona Ha CMOIeTHPOBAHHLIX
COOBITHAX.

3. Omenka MaKCHMaJILHOH TyBCTBHTEIBHOCTH K M3MEPEHHIO TapaMeTpa cMemmbamms BY-B,

SeENS
S

mesonos A(myg) wa manupix 1-ro ceanca CDF: Am$™=6.8 ps~! wa 95% yposne mocrosep-

HOCTH.

4. Tlpumenenne SVT-tpurrepa mjist BIiepBble OCYIIECTBIEHHOTO U3MEPEHU TapaMeTpa CMeIn-
70 29
parmmst BY-B -mesomon ma crarucruxe 1 fb™! Amyg = 17.31 7033 (stat.) =+ 0.07 (syst.)ps~'.

Benmunna Amg COOTBETCTBYET OKUJIAHUSIM CTAHTAPTHON MOEJIH.

Ipumenenue SVT rpurrepa misa obnapy:xenus B — ¢¢ pacnaia, 0epBoro m3MepeHus Be-
positHOCTH pacmaaa Ay — A:_ﬂ'_; yayumenus cpeaaemupoBbix(PDG) qanHbIX 110 m3MepeHuto

macce Bs, Ay n pazuuns mace DY — DT,

5. Paspabotka m co3manue, BIepBBbIe Ha AJPOHHOM KOJIAiepe, COBMECTHO C KOJJIETaMH,
AMmapaTHO-TTPOrPAMMHOTO KOMILIEKCa “TPUITep Ha TPHUIEIbHBIN TapaMerp”’, 9T0 OTKPBLIO
BOBMOXKHOCTD 3(pEeKTHBHO OTONPATH YUCTO aJpOHHBIE PACIAIBI YaCTHI] C C,b-KBapKaMmu OJ1a-

romapst mogasaennio doma ¢ pakropom ~1000.
6. V3zydenne ¢ MOMOIILIO IPOrPAMM MOACAHPOBAHUA U SKCIEPUMEHTAJBHO XapPAaKTEPUCTHK HO-
BOTO “BEPIMHHOTO TpuUrTepa’.

Cozpanne 3¢ dekruBHOl aBroMarnieckoii cucrembl off-line KOHTPOJIS 38 OCHOBHBIME Hapa-
MeTpaMU BEPIIUHHOTO TPUITEPA C ONPeJeJIEHUEM KOOPJAWHAT 06JIacTi B3auMOJeHCTBUS pp

IIYYKOB.

Anpobaiuss pabornbi

OcHOBHBIE pPE3YIBTATHI JTUCCEPTAIMOHHON paboThl MPEACTABICHB Ha MEXIYHAPOIHBIX KOHDE-
penrusx u copemanusx: 4th International Conference on Large Scale Applications and Radiation
Hardness of Semiconductor Detectors, ®@mopennusa, Uraaus, 23-25 utons 1999; 5th International
Conference on Position Sensitive Detectors (PSD 5), Jlongon, Aurmms, 13-17 cenrsiops 1999;
5th international conference on large scale applications and radiation hardness of semiconductor
detectors, @uopennus, Uranus, 4-6 urona 2001; 8th International Conference on Accelerator and
Large Experimental Physics Control Systems (ICALEPCS 2001), San Jose, Kamudopuus, CIIA,
27-30 mostopst 2001; Tth International Conference on Advanced Technology and Particle Physics,
Villa, Olmo, Como, Uramaust, 15-19 oxrabpst 2001; 10th International Workshop on Vertex Detectors
(Vertex 2001), Brunnen, IIsefinapus, 23-28 centadbpst 2001; 9th Pisa Meeting on Advanced
Detectors, La Biodola, Isola d’Elba, Urtamus 25-31 mas 2003; ICFP05-International Conference
on Flavour Physics 05, Jungli, Taiisams, 3-8 okrabpa 2005; PANIC 05 - XVII Particles and Nuclei
International Conference, Santa Fe, New Mexico 24-28 okrst6ps 2005; TOP 2006, International
Workshop on Top Quark Physics, Coimbra, I[Topryramaus 12-15 aasaps 2006.

OCHOBHBIE PE3YJIBTATHI TUCCEPTAINU OMyOJIMKOBaHbI B paboTax [1-19].

O6beM U CTPYKTYypa AUCCEPTALUU
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Puc. 1: CDFII uerekrop. ITokazaubl BuyTpennuil kpemuuesbiii Mukpocrpunosbiii gerekrop(SVXII), uen-
rpasnbhas apeiidosaa kamepa(COT), 3/eKTPOMATHUTHDIH 1 aJIPOHHBIH KAJOPUMETPLI U MIOOHHBIE Apeiidho-

BbIC KaMepPbl CO COUMHTHU/INIAINHOHHBIMA CHCTYHKAMH.

Hucceprarnmonnas paborta nziaoxkena Ha 140 crpanuiiax, COCTOUT W3 BBEIEHUs], UeThIPEX TJIaB U
BaKJIIOUYeHtsd, cojepKkuT 46 pucyukos, 10 Tabaul 1 COUCOK ITUTUDPYEMOil jiuTepaTypsbl u3 96 Hanme-
HOBaHUM.

Conep>kaHne auccepTaiimn

B nepsBoii riiaBe npusoguTces onucanne ycranosku CDF[®] u ee ocHoBHBIX astemenToB. Ha sToil
YCTAaHOBKE UCCJIe/lyeTcs (DU3UKA COYIAPEHUi Ha BCTPEUYHBIX [IPOTOHHBIX M AHTUITPOTOHHBIX MyYKax,
CO3/IaBAEMBIX C TIOMOIIBIO yeKOpuTeapHoro KoMmmiekca Tasarpon (DEPMUJIAB), ¢ o6mieit snepru-
eit B cucreme nenrpa macc(CIIM) mo 1.96 TsB.

Ycranoepka CDF, pucynox 1, gaBisgercs eTeKTOPOM OOIIET0 HAZHAYUEHUS U CIIPOEKTUPOBAHA, JJIsT
M3yYeHud MPOTOH-aHTUIPOTOHHBIX B3aUMOIeHCTBUM HAa YCKOpUTeae 1HBaTpoH. YCTaHOBKA WMEET
MUJIUHAPUYECKYIO T€OMETPUIO C OCEBOM CUMMETPUen.

Co Bpemenu BBOja B 3Kcmiyararuio B 1992 1. yecranoska CDFE mperepriena psiji cymecTBeHHBIX

m3Menennii. Tak, HanpuMmep, yesudenne ncyia 6andeit B myuke ¢ 6 (RUN I) mo 36 (RUN II) ¢ ogro-

[°] CDF II Collaboration, “Technical design report,” FERMILAB-Pub-96/390-E, October 1996.



BpeMEHHBIM yMeHbleHneM Bpemenn Mexay HuMu ¢ 3500 #c (RUN I) 10 396 ne (RUN II) BeI3BaSO
HEOOXOUMOCTE B Psifie YCOBEPIEHCTBOBaHM. B wacTtHocTH, mpuMmeneHa ObicTpasi TexHnka cbopa
MTAHHBIX, HOBAS TPUTTEPHAA CUCTEMA, JEeTEKTUPYIONINE CUCTEMbI YIYUIIEeHbI NIV 3aMEeHEeHbI Ha Do/1ee
ooicTpbie u adpexkTupHbie. Yeranopka CDF nMeer BRICOKOTOUHYIO CHUCTEMY PETUCTPAIINN TPEKOB 33~
PSIPKEHHBIX YaCTHUIl, KAJOPUMETPUIECKNH KOMILJIEKC BBICOKOM CEIMEHTAIIUN U CUCTEMY DErUCTPAIUH
n upenTuduKannu MOoHoB. [IpuMenserca MarunTHOE TOJIe ¢ MaKCUMATLHON mwHayKmeir B=1.5 T.
BuyTpu cosenonsa, HEmoOCpeaACTBEHHO BOKPYT BAKYYMHOM KaMEpPHI, TZe MPOUCXOIAT CTOTKHOBEHUST
MPOTOH-AHTUMIPOTOHHBIX MYYKOB, PA3MEITEH KPEeMHUEBBIN BEPITUHHBIN JeTEKTOP. 32 KPEMHUEBBIM
BEPIIUHHBIM JIETEKTOPOM PACIIOJIOZKEHA TIEHTPAJIbHAS I'a30Bast TPEKOBas CUCTEMA, KOTOPasi BMECTe
C KPEMHHEBBIM BEPITUHHBIM JIETEKTOPOM 0OpPa3yIOT €INHYI0 TPEKOBYIO CHCTEMY.

3a COJIEHOMIOM PACIIOJIOXKEHA KAJOPUMETPUUIECKAST CHCTEMA, COCTOSINAS U3 OTIEIbHBIX IJIEK-
TPOMAaTHUTHBIX U AJPOHHBIX KaJTopuMeTpoB. C ee MOMOIIBI0 OMPEIESTIOT SHEPTUNA U KOODIUHATEI
[IPOXOYXKJIEHUS JIEKTPOHOB, (DOTOHOB U aIPOHHBIX CTPYIA.

ITo mepumerpy pacrnogokera MoooHHas cucrema ycranosku CDF I, koTopas cocrout mus crims-
THIASIITAOHHBIX CIETINKOB U JAPeiiPOBBIX KaMmep.

Cuctema cbopa pamubix ycranopku CDF cmocobHa mpuHUMATH BXOJSIIYI0 UHMOPMAIUIO OT Je-
TEKTOpPOB ¢ yacToroil 110 7.6 MI'n npu 132 Hc mHTepBajax Mexay nepecedenusiMu bandeir. Tpex-
YPOBHEBaA CHUCTEMa TPUTTEPOB IMO3BOJIACT OT(bHHprOBaTb IIOTOK CO6LITI/H>'I " CHU3UTH KOHEYHYIO
TaCTOTy 3allUuCh Ha IIOCTOAHHBITT HOCUTEJIb (}KeCTKI/Ie AVCKW, HOCUTEJIN Ha MarHUTHBIX J'[eHTaX) a0
50 T'm.

Bropast rsiaBa 1ocBsiIieHa ONMUCAHUIO PE3Y/IbTATOB Pa3pabOTKU U IPUMEHEHUS TPUTTEPa HA BTO-
puunyio Bepmuny (SVT) B skcnepumente CDF.

Ot16op cobbITHIT TT0 TPU3HAKY BTOPUYHON BepIIUHBI 3(PEKTUBEH JIJIsT OTHOCUTEJBHO TOJITOXKY-
Bymux B MezonoB. [lanubrii Tun Tpurrepa mo3poJisier 3¢bheKTUBHO n3ydarh pusuky B u D-me30H0B
, & TaKXKe oTOUpaTh COOBITUS JJjist U3yUYeHUsT TOI-KBAPKOB UJIU IIOUCKOB XHUITCA.

Briepsbie B yC/ioBusx aJpOoHHOrO KoJUTaiiepa TpUTTep Ha BTOPUYHYIO BeprmuHy co3gad B CDF
9KCIIEPUMEHTE. JTO TO3BOJMIO TTPOBECTH YHUKAIBHYIO TporpaMMy m3ydenns B u D me30H0B.

Quzmyecknm obocHoBaHUeM i npuMenennst SV'T sBasiercst ciocobHOCTh BBLIETUTH BEPITUHBI
pacrnaja B-me30HOB myTeM oTHOpa TPEKOoB ¢ GosbluMu npuiieibibiMu napamerpamu. Ha CDF B
ME30HBI UMEIOT JTNHY npobdera nopsaaka 500 pm, a Tpexku TponyKToB pacmaaa B me30mnoB obiamaior
npuite/bHbIME TapaMerpamu mopsaka 100 pm. D10 ucnosib3yercs, 9To0bl YMEHBITUTh HHKTHO3WB-
HbIft pp HOH, cedeHMe KOTOPOTO IPEBBINIACT CEUEHWE POXKJIEHUS B Me30HOB NpubIN3UTETBHO B
1000 pa3. MonmenmmpoBanue mOKa3ajo, ITO OPU BBIJEJEHNN B TPUTTEPe MPUIENAbHLIX MapaMeTpOB
TPEKOB BO3MOXKHO MCIOJIB30BATEH 9aCTh MOJIOCKI TponycKarus Tpurrepa ycranosku CDF u cobpars
CYIIECTBEHHYO CTATUCTUKY PA3JIMYHBIX BUJIOB YUCTO aJPOHHBIX B pacmajos, Takux, Kak B — 7w
u By — Dgm, KOTOpBIEe ABJSIOTCS YPE3BLIYAIHO MHTEPECHBIMU JJjisd u3ydeHus Hapyrneaus CP-
YeTHOCTH U 1711 By cMemmBammsi|®).

Bepmmunnniit Tpurrep (SVT) - HOBBIH npOIECCOp A1 PEKOHCTPYKITMNA TPEKOB 3aPSAKEHHBIX Ta-
crunt Ha 2-M yposae Tpurrepa CDF. SVT mnosyuaer KOOpJuHATBI XUTOB, T.e. KOOPJAWHATH MEPe-
CEeUeHUsT TPEKAMU 3aPsiZKeHHBIX YACTHUI TIACTHH BEPITMHHOTO KpeMHueBoro aerekropa(SVX II) u

mapaMeTpbl TPEKOB 0T ObICTPOro Tpurrepa nepsoro yposasa(XET), KoTopblil BocCTaHABINBAET Tpe-



KU B TleHTpasbHoi npeiidosoit kamepe(COT). SVT pekoHCTpyHpyeT TpEKH B IIOCKOCTH, TOMEPEY-
HOt K ocn mydka [7]. Bpemsi BeIpabOTKHM perienns Tpurrepom 2-ro yposersi mpubansureabHo 20
us. Crosib Majoe Bpems pererus JTukTyeT s SV mapajuiesibHOe BBITIOJTHEHNE PA3IHIHBIX 33~
Jlat: BOCCTAHOBJIEHNE KOOPAMHATHI XUTA U3 PACIPEIETEHUs CUTHAJIOB B cocequnx crpumax SV XII,
pacro3HaBaHue JOPOXKEK TPEKOB U (DUTUPOBAHUE TTAPAMETPOB TPEKOB C BBICOKOH TOYHOCTHIO [8].

Tunwansnit Tpurrep ma, ocxose SVT rpebyer mammuams aByx Tpexos ¢ Pr > 2 GeV/c? wa 1-m
yposue tpurrepa ot XFT ¢ oxxumaemoit wacroroit ~30 k['1, koropasa monmxkaercs g0 ~30 I't mpu
BKJIIOUEHUN TPeGOBAHUS HA TPHUIEIbHBIE TApAMeTPhl TPEKOB di, dg, Tunuuno 100um < |di|, |da| <
1mm.

SVT paz6ur Ha 12 neHTHYHBIX CeKTOPOB, Pab0TAOIINX MapaJlIeahbHo 1 Hesasucnmo [7]-[18]. Dra
apxXuUTeKTypa moayudaercsa u3 reovmerpun SVX 11 gerekropa, KOTOPBIH pasmeneH Ha, 12 WaeHTHIHBIX
KJIMHBEB 10 azuMyTagabHOoMYy yray. SVX Il Takxke cerMeHTHPOBAaH O CheMy mH@OpManuu Ha 6

nosty-6appesteil B HAITPABICHUN BJIOJIb OCH ITyUYKa (DHCYHOK 2).

SVXII

N%
\¢ &\\
N

1\\\\/4('

Puc. 2: SVXII - Bepmunnstit gerekrop ycranosku CDF

[Tepsoiit ypoBens Tpurrepa - 310 pipeline cucrema ¢ 3amepkKoit 5.5 (4 U HyJI€BBIM MEPTBBIM BPe-
MerneM. Bpems cuntoiBanns 40000 kanamoB KPeEMHMEBOTO JETEKTOPA COCTABJITET MPUMEPHO 3 US,
YTO JIeJIa€T HEBO3MOXKHBIM HCIIOJIB30BaHue 310l nHdopMaluu Ha 1-M ypoBHe Tpurrepa. C apyroii
CTOPOHBI, BO3MOXKHO MCTIONB30BaTh apefidhosyto kamepy (COT) ma 1-m yposre Tpurrepa. Ycrpoii-
crBo, nazsannoe XFT (eXtremly Fast Tracker), paspaborano na 6aze COT ayst pekoncTpykimm 2-x
MEpHBIX KaHIHIATOB B TPEKH ¢ mMmyabcamu Gosee Pr > 1.5 GeV/c¢, ¢ rpyObIM BOCCTAHOBJICHH-
eM 3Hadenunit Pr u ¢ (azumytanbaeiii yron). XFT Tpeku manee uCHonb3yoTcsa Ha BTOPOM yPOBHE
SVT rpurrepom comectHo ¢ nadopmanueii or kpemuuesoro aerexkropa (SVXII) g Trounoro Boc-

craHoB/eHust napamerpoB Tpekos: Pr, d u ¢. SVT Tpeku pajiee 1epeparorcs Ha PacCMOTPEHUE
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— pacnozHaBaHHe 00pPa30E TPEKOB

p] TSVCLK «

— onpejeJIcHHe MMAapaMeTpoOB TPeKOB

Puc. 3: 610k-cxema Tpurrepa ycranosku CDF

[JIABHOMY JIOTHYIECKOMY 3jieMeHTy Tpurrepa 2-ro ypoeusi (GLOBAL LEVEL 2, pucynok 3) s
OPWHATASA PEITeHNs [0 MOBOAY HaJIWIusd B-aIpOHOB B COOBITHM.

2-it yposenb Tpurrepa ycranosku CDF apasgerca 4-x 6ydepHoii cuctemMoil ¢ TmOJHBIM BpEMEHEM
paborer mopsnka 20 ps, 3 KOTOphix okosio 10 us 3ammmaer pabora 610ka GLOBAL LEVEL 2.
Takum obpazom, wva pabory SV'T Tpurrepa ocraercs HemHorum bosiee 10 us s obpaborku mHbpOp-
MaIiy ¢ KPEMHUEBOTO JIETEKTOPA W BOCCTAHOBJIEHUE TPEKOB.

Jlns obecriedenust BBICOKOM CKOPOCTH u TuOKocTH aaroputM paborsr SVT pazmenen va 2 cra-
muu. Kak mokazaHo Ha pucyHKe 4, pacrno3naBaHue 00pa3oB TPEKOB BBITOJHSIETCS aCCOTTUATHBHOMN
namaTbio (AM), KoTopast OTHOBPEMEHHO CDABHUBAET CJIEJ] OT JAHHOTO TpeKa ¢ mabIoHaAMU BO BCEX
stuefikax mamsaTy [9).

Ocuosnbie dynkimonaasabie 6ioku SVT sro: Hit Finders, Associative Memory system, Hit
Buffer u Track Fitter [10]. Associative Memory system BBITOJTHSIET ITPeIBAPUTEIBHOE PACIO3HABA-
Hue 06pa30B TPEKOB LI TOCIEAYIONIel TOUHO! 06paboTKM TOBKO T€X KOMOMHAINI KOODJIUHAT OT
SVXII u tpexkos COT, koTopbie TPOILIN TPEABAPUTETLHBIN 0TOOD U ABJISFOTCS XOPOITUMY KaHJIH-
JaTaMi Ha TPEKH.

DTO BBIIOJTHSIETCST CPABHEHUEM TIOCTYITAIOIINX JAHHBIX ¢ HADOpOM 006pa30B TPEKOB, 3alNCAHHBIX B
acconmaTupHol namsaTu. CpaBHEHHE TPOU3BOJAUTCH TaPAJJIEIbHBIM CIIOCODOM - T.€. OJIHOBPEMEHHO

CO BCeMU O6paSaMI/I TPEeKOB u3 aCCOL[I/IaTI/IBHOfI TaMATH, 9YTO BBITTOJHACTCA CHEIUAJIU3NPOBAHHBIM



baok-cxema SVT tpurrepa

e PacnozHapaHHe 00pazoB TpekoB H GHTHPOBaHHE HX MAPAMETPOR
MPOBOAHTCA pa3feibHO H MOC/IeI0BaTeTLHO

PacniosHapaHHe QopoKer ¢ NoMoInbI AccounaruBHoi ITamarn (AM)
napaieJbHbIA ATTOPHTM € TPYOLIM pa3pelieHHeM 15
yYMeHbLIeHHsA pa3Mepa AM

\

Hits
Hits _ mme E> Associftive
mmm |:> Hit Buffer <:| "(::l Memory
Roads
Track k
Roads + hits Fitter Tracks
(d,pr- 9

BricTpoe puTHpOBRaHHE IAPAMETPOB TPEKOB € MOMOIILIO
JauHeiiHoil annporcuManuy. Menoabsyercs MakcuMa/ibHoe
pazpelieHHe KPeMHHEBOT0 BEPUIHHHOTO TeTEKTOpA.

Puc. 4: moruka paGorsr SVT Tpurrepa

3s1eKTpoHHBIM Gs10KoM (AMchip)[8].

O6pa3z Tpeka ompejiesien Kak KOMOUHAINS 5-TH HOMEPOB CymnepcTpurnos (o00beaunenne n3 4-6
cocesHUX CTPUIIOB, ‘SuperStrips”,SS) ¢ 5 pasauuHbIX C/I0€B IeTeKTOpa, a UMEHHO: 4 HOMepa CyTep-
CTPUTIOB COOTBETCTBYIOT HOMEpAM CyIepcTpuros Bepriuuuoro gerekropa (SVXII), mepecedeHHbIX
TPEKOM 3apsizKEHHON YacCTUIIbI, a H-iI HOMep orpejiesieH u3 (pyHKIUU, 3aBUCSINEN OT KPUBU3HbBI U
A3MMYTAJILHOTO YIJIA TPEKA, BOCCTAHOBIEHHOTO demenToMm Tpurrepa (XFT) ans apetidoroit kame-
put (COT).

PesynbraTom paboThl cucTeMBbI acconuaTusHoi maMsitu (Associative Memory system) siBisiercst
CITHCOK 00pa30B TPEKOB(JOPOKEK) TaKWX, I7e XOTs Obl OJHO COBMaJIEHHE HOMEPOB OBbLIO HAiIeHOo
T KaykKa0ro w3 5 caoeB. g SKOHOMUM TaMATH MPOIECC PACIO3HABAHUS OOPA30B TPEKOB BhI-
IIOJIHACTCA C MEHBIIINM Pa3pPCIIeHreM, YeM 3T0 BO3MO2KHO M3 CEIrMEHTAIINM BEPINIMHHOTO ACTEKTOPA.
Kaxas mopoxka MoxkeT cojpep:KaTh 00jee O/IHOM KOODIWHATHI TPEKa B PA3IUUYHBIX CJIOSIX, UTO
IPUBOUT K KOMOMHATOPHOMY BO3PAaCTAHUIO KAHAUIATOB B Tpeku. ducio o6pas3oB Tpekos (710po-

JKeK) orparmveno paszmepom mavsatu AM u cocraBmsier 32768 m1g KaxK0r0 CEKTOPA BEPITUHHOTO

[] S.R. Amendolia et al., “The AMchip: a Full-custom CMOS VLSI Associative Memory for Pattern Recognition”,
IEEE Trans. Nucl. Sci., vol. 39, pp. 795-797, 1992.



JIETEKTOPA, YTO onpeiessieT 3PPeKTUBHOCTh HaX0XK IeHHsT TPeKoB 95%.

BoaMokHO TIPeAIonoRuTh, 9TO MOXKHO CreHeprpoBaTh u 3anoMHnTh B AM Bce JOpOXRKM OT
peaIbHBIX TPEKOB, Mepecekarommx gerekTop. OIHaKo, HaIuIne KOHETHOTO PA3PEIIeHns JeTeKTOPa
VXVAIIAeT CATYAIWIO: ecau J00H M3MEpPEeHHONW KOOpIAWHATE XUTA Pa3pPeIteHo (PIyKTyHpOBaTh B
HEOrpaHWYIEHHO 06/1acTH (B COOTBETCTBHUN C paclpejenenneM l'aycca), Torga, B MpUHIHAIE, JH00as
koMOmHaIs SS OymerT BOZMOKHOM JTOPOKKOI, C COOTBETCTBYIOIEN BEPOSITHOCTHIO.

B mpunnumne, yBesmants 3ddektusaocts AM M0xkHO, yBeauuns pasmepsb SS. OpHako, 60Jb-
muit pazMep SS MPUBEJET KAK K YBEJIMISHUIO YUCTIA TOPOKEK, HANJEHHBIX B KAXKIOM COOBITUHU, TaK
u K BoJIbINefl MHO2KECTBEHHOCTH KaHIUIATOB B TPEKU BHYTPHU KaxKJjoi nopoxku. Oba stux dak-
TOpa BBLI3LIBAIOT YBEJIWYEHWE YUCAA TPEKOB Jaa nocaemytomero dburnposanus (Track Fitter) m,
cooTBercTBeHHO, Bpemenu paborel SVT. Takum o6pasom, HeOOXOAUMO HAWTH KOMIPOMUCC MEKITY
MPOTUBOPEUUBLIMI TPEOOBAHUIME: BBICOKOH 3(DMEKTUBHOCTH U MAJIOTO BBIUUCIUTEJIHLHOTO BpeMe-
Hu. Yayuamieaus B pabore SV'T MoryT GBITH JOCTUTHYTHI OnTUMMA3AINER HAOOPA JOPOXKEK C IETBIO
JIIOCTUKeHWsT HauboIbITel 3¢ dekTrEHOCTH TP (bUKCUPOBaHHBIX pasmepax AM u Bpemeru pa-
6orer Track Fitter.

O6brunblii cocod 3amommerns AM 6amKa - 9TO MeHEPHPOBAHUE TPEKOB C COOTBETCTBYIOIMMM
mapamerpaMu u 3amosnenrne AM 6aHKa TOPOKKAMU, TIOJYIEHHBIMI HA 9THX TPEKax B MOPSIKE UX
noctryteans. OIHAKO, COTJIACHO MPEIBIIYINEMY 00CYKIEHUIO, Mbl CTEHEPUPOBAJIN TUCJIO JTOPOIKEK
BO MHOTO pa3 mpeBbImaiiee pasznvep banka AM. Jlamee, yrmopsiioquim ux B COOTBETCTBUHU C T'€0-
METPUIECKUM AKCENTAHCOM @; U 3AIOJHUIN OAHK MaKCUMATHHO 9(hhEeKTUBHBIME JTOpoKKamu |16].

Janbuetitmee ypenudenne sddextusHocTn 6anka AM mosyueno Hamm onTmMmmsanueit gop-
MBI JIOPOXKEK MPHU COXpaHeHWH wux obbema (onpesensgeMoro depes mupomssemenue SS  pas-
HBIX CJI0EB JIETEKTOPA) /I TIOBBINICHHUS] [E€OMETPUYECKOTO aKcemTaHnca mopoxkek. as SVT
B coorserctBun ¢ TDR(Technical Design Report)[®| 3amaner pasmepnr SS mo ciaoam § =
250pm, 250pm;, 250pm, 250pum, 50mrad, a mosyueHHbIE HAMU ONITUMAJIBHBIE DA3MEDPh] COCTABJISIOT:
0 = 364um, 249um;, 249um, 364um, 23.7mrad.

[MTpumvenenne onTuMU3UPOBAHHOTO HAOOpA IOPOXKEK NPHUBEI0 K yBesaumuenuio dhdexruBHOCTH
banka AM (32768 mopoxek) ¢ 93 % n0 97 %, uro moKa3aHO Ha PUCYHKE ).

SVT Tpurrep Buepebie 6bL1 ipuMener B okTsaope 2000 B Tectoom ceance na CDF II . Bropoit
cearnc na TOBATPOHE c npumenennem SVT mauasca secuoii 2001.

SVT moxker (pyHKIMOHUPOBATH B PEXKUME UCIOJB30BaHNS HHMOPMAIMH TOJBKO ¢ KPEMHUEBOTO
BeprHHOTO JgerekTopa (SVXII) - “silicon only”. IIpu 9T0oM He HCIOIB3YIOTCS JAHHBIE C TPUTTEPHOTO
nporeccopa (XFT') npeiidosoit kamepsl. Ilo cpaBrennio co crapmaprHoil KoHburyparmeit “silicon
only” kKondurypanns siBasgercs MeHee TOYHON W3-3a yBeJndennsi KomObnnaToproro hboHa U XyAIiero
pasperienus. B gacTHOCTH, OIPeIesIeHO, YTO Pa3peIlenne Mo MPUIEIbHOMY TapaMeTPy COCTABJIsI-
er ~ 50 pm wm paspemenue Pr mioxoe, T.K. c¢jiou BeprmuHHOro nperektopa SVXII pacrnosoxkens:
odeHb 6U3KO K BeprmHe (Mexkay 2.5 u 8.7 cm). Pexuwm paborer “silicon only” 6bur mosesen Ham
Ha Haua bHOM cTagmm 3amycka SVT tpurrepa. B wacrrocTn, 6b11a mposepena crocobrocts SVT
HAXO/UTh TPEKK 3apsiKeHHbIX dactul [17].

[Ipu pabore B crangaprTroit kKoudurypamuu SVT ucnoses3yer kak xutel ¢ SVXII, Tax u nanuble
c XFT.
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Puc. 5: YBenuuenue reomerpudeckoil apdekruprocru 6anka AM 3a cuer omruMuzanuu GOpMBI U YIOPSIIO-

YeHUA TOPOXKEK

g mpaBuibHOTO (DYHKITMOHUPOBAHUS TPUTTEPA HEOOXOIUMO VIUTHIBATE TONPABKY TPUTIETLHO-
ro mapamMmerpa, BhI3BAHHYIO CMeITeHreM ocu mydka. Ha pucynke 6 nmokazan rpacduk d-¢ Koppeisimii
IJId KAHAUJATOB TPEKOB, KOTOPBIE UMEIOT X2 < 10, mepes1 BBITTOJIHEHNEM TIOTIPABOK (@) W TOCJIE TIPH-
menenug nonpasok (b). O6mactu 6e3 Touek B paiione ¢ = 2.2 u ¢ = 4.2 cBA3aHBI C OTCYTCTBUEM
cektopoB SVXII. KoopauuaTe! 1eHTpa OCH Ty4YKa, OMpeejeHHble B MOMEPETHON MJIOCKOCTH, CO-
crapasioT rg = 0.0995 cm u yg = —0.3895 cM, ¢ TOYHOCTBIO ~ 3 umM KaK B HAIPABJIEHWH T TaK U
Y.

B JOTIOJTHEHUE K HaAKJIOHY OCH ITyYKa YCTAaHOBJICHBI €€ [JBd OCHOBHBIX MCTOYHWKA BKJIAJA B
pasperiienne Mo TPUIEILHOMY TapaMeTpy TpekoB. OIuH W3 HUX - OTHOCHUTEIbHAaS HETOUYHOCTDH B
KOODJAMHATHOM moJjioykeHnn KiauHbeB SVXII nerexkropa. DTa HETOYHOCTH MPUBOIUT K TOMY, UTO
pasanuanbie KanHbs SVXII “Buggar” mydoxk B pasjudHBIX MecTaX. ITOT 3(PEPEeKT KOMIEHCUPYETCS
TEeM, YTO OIpeaesjICcHUE IIOJOXKEHUA OCHU IyHYKa W COOTBETCTBYIOIIUEC IIOIIPABKW [Jjid TIPUIEJIHHOTO

IIapaMeTpa IIPOU3BOIATCA HE3aBUCHUMO JJId KazKJ0T'0 KJIMHA.
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Puc. 6: Pacnipenenenue mo mpuiieibHBIM TapaMeTpaM B 3aBUCHMOCTH OT a3UMYTAJILHOTO YTy A8 KaHIuIa-
TOB B Tpeku ¢ x> < 10 ans cranmaprroit SVT kondurypammu. (a) : mepes MOMPaBKOH Ha Ha CIBAT My9Ka;

(b) : mocse moNpaBKU HA CABUL IyYKA.

Hpyroit 3aaguTebabIN 3D PEKT - TaAK HA3BIBAEMas HEJIUHENHOCTH, KOTOPasi BOSHUKAET IIPU JIK-
HEHHOM anTPOKCUMAIIAN JIJIs BOCCTAHOBJIEHNUS TAPAMETPOB TPEKOB.

[Moce xKoppexnuit Ha 0OCYXKAeHHDbIE BbIMe (MMEKTH HAMHU OJIYIEHO PACIPEIE/ICHUE 110 IPH-
IEeJIbHBIM TIApaMeTpaM TPEKOB, KoTopoe umesno dhopmy laycca ¢ o = 48um [16]. Do pacmpesee-
HUE IPOUCXOJIUT U3 cBepTKU paspernenust SV 1o npuiiejbHBIM TapaMeTpaM TPEKOB C ILIOTHOCTBIO
pacrpeeleanst B3auMoeiicTeuil monepek ocu myuka (mpodunem myuka). Ha pucynke 7 nmokazano
TaKoe pacipejesienue Jad nanubix, Habpanabix #a CDF B okrabpe 2001.

[Ipu ncnosp3oBanun nonguabopa coOBITUI, B KOTOPBIX IIPUCYTCTBYET JIBA, TPEKA, BO3MOYKHO OTIpe-
JIeJTUTH UCTUHHBIA TOTIepevHbIil pasMep myuka (o) 6e3 Biusaus 3¢bderTa pa3pereHus Mo IPUIeTb-
HOMY TnapameTpy TpeKoB. Kopapuamus mpHuIe bHbIX 1apaMeTPOB JABYX TPEKOB MPOMOPIIHOHATBHA

KOCHHYCY Pa3HOCTH HUX A3UMYTAJbHBIX YIJIOB, Ag:
Odydy = <d1 . d2> = O’% + COS Aqb (1)

OPU TPEITIONOKEHUT, 9TO ITH JBA TPEKA MPOU3OILIN OT OJHON BEPIUHBI U OIMMUOKY U3MepeHus d)
u do HE CKOPPEJINPOBAHBI.

Tak Kak moy9eHHOE 3HAUeHWEe o = 48um pacupe/eseHnst 0 TPUIETBLHBIM TapamMerpaM (pu-
CYHOK 7) SIBJIsIETCS CBEPTKOfl MOMEPETHOro padMepa mydka (op = 33 pm) U pasperieHus 1o IpH-
[ETBHOMY MapaMerpy gy, MoJIydaeM oq = 35 pum, 9TO SBIETCS MPOeKTHBIM pasperternueM SVT.
Taxum 00pasom, NOcAe Yuema NONEPENH020 PAZMEPE NYUKE U BHECEHUA HEOOTOIUMBT NONPASOTE,

Hamu docmuerymo npoexmmnoe paspeusenue SVT.
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Puc. 7: Pacnpenenenne mo NMpuIENbHBIM TapaMeTpaM TPEKOB s JAHHBIX, HaOpaHHBIX B OKTsaAOpe 2001,
TS KAHIUIATOB B Tpeku ¢ X2 < 10 uw Pr > 2 GeV /¢, mociie TOMPAaBOK Ha MOJIOZKEHNE IIyUKa, OTHOCHTE b
noe pacronoxkenne kauabeB SVXII u nenuneiinocrs. [pu duruposanun pacnpegenenuem aycca momydeHo

3HadeHne o = 48 pm.

Becbma adpdexrusnas cucrema off-line monunropuposanust SVT, onucannas B quccepraiium, Obi-
ga cozmana Hamu B 2002-2003 r.r. Cucrema KOHTpPOIUPYeT OCHOBHBIE paboume mapamerpbl SV'T
exke/iHeBHO. KoMIureke mporpaMM aBTOMaTHYECKU CTAPTYeT KaKJIyio HOYb u 00pabaThiBaeT BCE HO-
BBIE J@HHBIE, TIOCTYIIHUBINNE B KOHTPOJBHYIO JTUPEKTOPUIO HA JuCKe, 3a mocjaenuane 24 uaca. Co3na-
IOTCSl M AHAJIM3UPYIOTCA MAacCUBbl OCHOBHBLIX Beamuaut (Ntuples) mis kaxa0ro oraesbHoro Habopa
nanabix. Jdasee coznarorcs rpaduku u TeKCTOBBIM (haliyi, KOTOPBIE 3aIUCHIBAIOTC B CHEITHAIBHY O

nupekTopuio. TekcToBbill Qaiia CONepKUT CAeyIInue JaHHbIE:

e Yucso DY, BoccTaHOBIeHHBIX B KaHasTe pacmaua K.

e llHTerpaspHyIO CBETUMOCTH HAGOPA JAHHEIX U cedenue poxkaerus DO
o TlosyioxKeHne ocu MydKa.

o Cpemusis acdexkrusaocTh paboTer SVT.

e Yucyo cboes B pabore SVT (HaxoanTes n3 CpaBHEHWs! ¢ MTPOTPAMMOL MOJETUPOBAHUSA PAOOTHI

SVT).

DToT (baitn aBTOMATHYECKN PACChLIaeTCs daeraM SV T-TPyIibl 0 OKOHYaHUA PAGOTHI TIPOTPaAM-
mbl off-line mouuTopunra. @aitjabl ¢ OCHOBHBIME T'padUKAMU KOMUPYIOTCS B CHEIUAJBHYIO JUPEK-
TOPHUIO ¥ CTAHOBATCS JIOCTYIHBIMU Jiid IIpocMoTpa ¢ web crpanuiiel SVT. Eciu ojiub 13 0CHOBHBIX
napamerpos SVT (nmonoxenune ocu nyuka, sdpdexrusnocrs SVT, mosns c6oes SVT) Beimen 3a npe-
JIeJTbl YCTAHOBJIEHHBIX TPAHUIL, TO JONOJHUTEIbHBIE e-mails ¢ mpeaynpexk IeHusiMA PACChLIAITCS

BceM wieHaMm SV rpymnmbl.
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Cozgannas cucTeMa MOHHUTOPHPOBAaHHS IIOKa3aja BLICOKYIO CTaOHMILHOCTL Pal0OTHI B aBTOHOM-
HOM PeXXuMe, TTPUHITA, KOJLIab0opaleil n moMoraeT onepaTuBHO HAXOAUTE U YCTPAHATD PA3IUIHBIE
npobsemsl B pabore SVT.

Hapsany ¢ cosmanmeMm Kominiekca mporpaMmm 1o off-line MomuTopuposanmnio HaMu OBLT BHECEH

CYIIECTBEHHBIN BKIa/ B pa3suTue on-line moruropuposanus SVT. B wacTtHOCTH, OBLIN pA3BUTHL:

1. IIporpamma on-line koutposs Objectmon aas wabmromenust BO BpeMs HabOpa JAHHBIX HA
ycranoeke CDF 3a paziuaneivu obbeKTaMu "BBICOKOrO ypOBHs" - CTPYsIMU B KaJIODUMET-
pe, HeoCTAOMIEel oepeuanoii sneprueit, J/1 n t.a. Ilporpamma GbL1a pazBuTa BKIOIEHIEM
HOBOTO, paHee OTCYTCTBYIOIIETO, MOIYJIs I KOHTPOJIS 33 WHBAPUAHTHON MaCCOl U CeUeHU-
em poxennsa D°, Boccranosmennoro ma SVT Tpekax. Ilpumep ciaiina ¢ gucries KOMHATEHI

KOHTPOJIst 3a HabopoM nanHbiX Ha ycranoske CDF npusesnen va pucyske 8.

2. Ilporpamma on-line xouTposs TrigMon jja nHab/oeHus Bo BpeMs Habopa TaHHBIX HA yCTa-
noske CDF 3a pazymunbivu obbekTamu "aHuszkoro yposus". Beesen, Boruncisiercs u 0Tob-

paXkaeTcst CTaTyc Tekymero cocrosanst SV'T Ha MOHUTOpPE [IJIsT JeKYPHBIX OTIEPATOPOB yCTa-
mosku CDF II.

ObjectMon #1 SVTMonitor Slide Show

ey — — —
Run:168600 Event: 446105 # of Events:3139 Time: Thu Oct 9 10:43:45 2003 Ref.Run:-1

D’ invariant mass |_Entries 1040 |

30

Events

25

20

15
integ. lumin : 48.5nb ™

10

GeVic ?

Puc. & Nusapuantuas macca D°, Boccranosrennoro na SVT rpexax. Ilpumep craiing ¢ AHCIIIesT KOMHATDI

KOHTPOJIS 338 HAOOpoM HaHHBIX Ha ycranoBke CDF.

B pesysbrare npoussenen 3amyck Tpurrepa Hosoro tuna (SVT), ucciaenosansl ero xapakrepu-
CTUKW U CO3JaH KOMILIEKC IPOTPaMM MOHUTOPUPOBAHUS U ONEpaTUBHOrO KOHTPOJst SVT.

B Tperbeil riiaBe paccMoTpeHbl (huU3UUECKUE PE3YJIbTATHI, JIOCTUTHYThIE 6/1arogaps IpuMeHe-
wuto SVT Tpurrepa.

OLeHKa YyBCTBUTEILHOCTH K H3MEPEHMIO IapaMerpa cMmemmBanus BCBY Ha JaHHBIX IEPBOTO

ceanca [19] ycranosku CDF crumvynupoBaia paspaboTKy ammapaTHO-TIPOrPAMMHOIO KOMILIEKCA
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“peprimHHEbLH TpUrTep” (OMUCAHHOTO BO 2 IJIaBe TUCCEPTAINN), CIETABIIEr0 BOSMOKHBIM HAOOD 9H-
CTO aJPOHHBIX MO pactaga Bs ME30HOB, UTO U MO3BOJWIO, B UTOTE, JOCTHYH OCHOBHOTO PE3Y/ILTATA;
mamepnts Amg B0 BTOpoMm ceance CDF.

SVT BmepBble OTKPBIT HOBBIM TUI TPUTTEPA JIJIT UUCTO AJPOHHBIX PACIAIOB U PACITUPUI BO3-

MOXKHOCTH IIOJIYJIEIITOHHOI'O TPpUITEPa:

1. Hoayaenmonnwoti mpuzeep. OOBIYHBIA TPUTTEP HA AJPOHHBIX KOJUTAHepax JJIs U3ydeHUs
dbuzuku TsKenbx kBapkos (b, ¢) - 3T0 IUMIOOHHBIH TpUrrep st J/1) u TpUrrep st mo-
JIYJIENTTOHHBIX b pacnafgoB. MogepHU3UPOBAHHBIM TOJTYJIETTOHHBIN TPUTTED BBHIAEASET COOBI-
Tug ¢ jentornoM p; > 4GeV/c n cMeneHHbIM TPEKOM - TPEKOM ¢ MPUIEJBHBIM TapaMeTpPOM
100pum < dyp < lmm ¢ py > 2GeV/c. Peanmusaiusa panee HEIOCTUKUMOrO TpeOOBAHUS HA
CMEITEHHBI TPEK TT03BOJIUIA CHU3UTH MOPOT HA Py JIEITOHA U YBEJUYUTH BBIXOJ HYKHBIX

cobbITHil TTpUMEpPHO B H pas.

2. Qucemo adponnwidc mpuzeep clieaas BOSMOXKHBIM 0TO0p COOBITHI ¢ mO-KpaifiHeill Mepe JByMsi
CMEIIEHHBIMI TPEKAMH TTPOTUBOIOJIOKHOTO 3apsijia ¢ MOMePedHbIM nMIyabcom py > 2GeV /¢
KaxKblii u Y py > 5.5GeV/c .

_ =0 =0 .
Ocrpansiinu B vesonon (bg, tie ¢ = d, s aost By, B,) BI3BaHbI CJIabbiMu B3anMOIEHCTBHSIMY,
MEHSIFOIIUMU aPOMAT.
=0
[InoTHOCTH BepoaTHOCTH Py (P-) nna B, Me30Ha, pOXJIeHHOTO BO Bpems t = 0, pacmacThes Kak

Eg (BY) B MOMEHT BpEMEHH ¢ JIA€TCST COOTHONIEHNEM
Uy gt
Pi(t) = 5" [1+ A cos(Amygt)] (2)

rae Amg - pa3HUIA MAacC MeXK/y ABYMs MACCOBBIMHU COCTOSHHUSAMHA Bg, g u Bg, L[h] a 'y - mupuna pac-
rajia, KoTopasl IpeJoaraeTcs OJMHAKOBOM sl 9TUX MaCCOBBIX cocTosHuii. MaccoBoe paznudue
Amg nu Amg MOXKeT GBITH HCIOIB30BAHO JIIA OTIPEIeTeHus (PYHIAMEHTATHHBIX TapaMeTpos |Vig| u
|Vis| marpuis KKM[, koropbie ceasbiaior cobCTBEHHbIE COCTOSHIS MACC KBAPKOB C COOCTBEHHbI-
MU COCTOSIHASIMU apoMaToB KBapKos. Mamepenne Amy, oobeaunennoe ¢ Amg = 0.505 £0.005 psfl[j]
OMOZKeT onpenennTh orHomenne |Viq/Vis| co 3HaUMTENBHO MEHbBIIEH TEOPeTHIeCKONH HeOIIpe1e/IeH-
HOCTBIO, UTO JACT CePhE3HDBIN BKIAJ B IPOBEPKY yHUTApHOCTH MaTpurbl KKM.

JLjtst OTIEHOK MCITOJIb30BAH METO/ AMILIUTYITHOTO (bI/ITI/IpOBaHI/IH[k], KOTOPBIA 1103BOJIIET 00'be -
HSITh PE3YJIBTATHI 10 CMENIUBAHUIO, MTOJYUEeHHbIE C TIOMOIIBI0 PA3IHYHBIX IKCIEepUMEHTOB. B aToM
MeToJie aMIuTyAa A ocnmtanuit B u3Mepsiercs i KaskKI0ro (bUKCHPOBAHHOTO 3HAUEHUsT A

IPY TTIOMOIIH METO/1a, HAMOOIBIIErO TIPABIONON00MsT, OCHOBAHHOTO Ha (hyHKIME (2).

[] C. Gay, Annu. Rev. Nucl. Part. Sci. 50, 577 (2000).

['] M. Kobayashi and T. Maskawa, Prog. Theor. Phys. 49, 652 (1973).

['] S. Eidelman et al., Phys. Lett. B 592, 1 (2004) and 2005 partial update for the 2006 edition available on the PDG
WWW pages

[¥] H.-G. Moser and A. Roussarie, “Mathematical methods for B°B° oscillation analyses”, Nucl. Instr. and Methods
A384 (1997) 491
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37ech 3HAK MHUHYC IpH aMILIATYIEe COOTBETCTBYET BEPOATHOCTH HAOJIIONEHUS CMEITAHHBIX CO-
OBITHI, 8 3HAK IJIIOC ONUCHhIBAET HecMenranublie coObiTrs. C GOJIbINOA TOYHOCTHIO MOXKHO CYUTATH

CTATHCTUIECKYIO HEOIPEASIEHHOCTh A pacipenesieHHol 1m0 3aK0HY Faycca[l]:

1
oA =
VA1~ 20)D(Am,, 01, )

e N i fs - 9HCI0 KaHIUIaTOR | OIS CHTHATA B PACCMATPUBAEMOM Habope, 1) - BEPOSITHOCTD OTITH-

3)

6ounoro medenust u D(Amy, 07, 0p) - pakTOp H0JABICHNS U3-33 KOHEIHOTO PA3PEIIEHUsT H3MEPEeHHs
BpeMEeHU KHU3HMU.
st onpenenennst pa3perieHns Ha NU3MEPEHNe BPEMEHN KU3HU UCIIOIH30BAIACH TTapaMeTPH3a-

U
oler) = 012 + (top)? (4)

IJie 07 - paspelieHne 71 JJIMHBI Tpobera 1 o), - OIHOKa IPU BOCCTAHOBJIEHHN UMIybca By . ®axTop
TOTABJICHNS MOXKET OBITH 3alicaH B BUIE:

2 A2
o Amg

D(Amg, 0y,0p) = exp(— 5

)r(op, Ams). (5)

[TepBriit wieH 3TOr0 BBIPAXKEHUs OLPEJIEIsdeT OIMOKY B PEKOHCTPYKIMK JIJINHBI IIPODera, a Bropoii

- IIOrPeIHoCTh npH Ipeobpazoanusx Jlopenma. CoryacHo mpeobpaszopanmsm|]:

r(0p, Amg) = /7Y exp(Y?)ERFO(Y), (6)

o0
— 1 r _ 2 —t2
cY = NN ERFC(Y) = NG J e~ " dt. Tounoe n3mepenue HapaMeTrpoB 1), 0] U Op BAXKHO JIJIs
AHAIN3a CMEITMBAHS.

Tak kax ammauryna A(Ams) nmeer HOpMupoBaHHOE pactupenenerne Bpeiita-Burnepa To, cie-

true

e u A=0, eciiu Amg yiaseHo 0T ero NpPaBUIbHOIO 3HAYEHUS.

nposarenbno, A=1 npu Amgs = Am
CrenoBarebHO, IPOIEeLypa OucKa Am, CBOAUTCS K u3MepeHuto aMimTyasl A(Ams) u ee ommb-
ki 0A(Amg) mpu kaxkgoMm 3Hadenun Amg. Bemmumna Amg moxer 6biTh uckiodena upu 95%

yposre gocroseproctn ecyu (A+1.64504) <1. Huxuwii npemen na 3nadenue Amg onpemensier-

true

csl, KaK HamboJiblliee 3HAYEHME, HUXKE KOTOPOro Bce Bemumbbl Amg uckiaroueHbl. Ecaun Am

umeeT oveHb Gosibinoe 3uadenue (T.e. A=0), TO 0XKHUTACTCHA, UTO BCE BEIUIUHBI AMmg, TaKue, ITO
1.6450A (Ams) <1, 6ynyr uckmodensl na 95% C.L. U3-3a pasperienus, 3aBUCAIIET0 OT BPeMe-

Hu, Bequuanna oA (Amyg) asasercs Bo3pacraiomei pyHkimeii or Amg U CIeg0BATENIBHO, BO3MOKHO

sens
S

sens
S

HUCKJTIOUNTE 3HaueHuss Amg 10 Ami™® rme Ami®™® nHasbiBaeMas JyBCTBUTENBHOCTHIO AHAIN3A,

onpenesrera Kak 1.6450 4 (Ami*)=1.

Pazimunbie N3MEPEHUA A, BBITIOJTHEHHBIC TIPU JaHHOM 3HAYEHUN Ams, MOXKHO JIETKO YCPEAHUTD.

Tak, jiisl 1 HE3ABMCHMBIX M3MepeHnit cpe/nss ammmryia 6yer[K]:
- Aq A Ay 2
A=y bt 2 o(A)2, (7)
o(A)7  o(A)3 a(A)?2

[ ALEPH collaboration,“Combined limit on the B? oscillation frequency”, ICHEP96-PA08-020 (1996)
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C CyMMAapHOi OIMUOKOI:
o(A) = (U(A)l—2 + O'(A)2_2 4o+ O.(A);Q)fl/Q. ®)

Coorrormenue (8) UCMOJB3YeM JJisi BBIYUCICHIST KOMOMHUPOBAHHOTO TPEIE/a, ONEHKN TyBCTBU-
TeaLHOCTH Amg.

[Tapamerpsl KaHAJIOB, UCIOJB30BAHHBIE JJis HAIMNX OIEHOK: N- 4ncjao coObituit ajs mabopa
B?, fs- aucrora Habopa B, 1- BepOATHOCTb HENPABHUIBHOIO MEUEHHS, 0] M Op- PA3PEIICHUS -

npejacTaBaeHsl B Tabsure 1.

Kanaan Habop dannvx N | fs | n |o[pm]| op
B? — ¢ Xlv JINIETTTOHHBIH 3132|0.210.25| 60 |0.14
Df — ¢t MHKJIIO3WBHBIN enTorHb| 395 [0.64(0.40| 70 |0.12
D} — K*°K* |unkmosusnbrii menronnsii| 277 [0.65/0.40) 70 0.12
IUJIEIITOHHBIH 128 |0.61(0.25] 60 |0.14
D} — K°K+ WHKJIIO3UBHBIA JenToHHbi| 59 (0.69(0.40| 70 ]0.12
ITUJIEITTOHHEIH 30 10.61(0.25| 60 |0.14
Dy — op~v MUAETTOHHBIH 610 (0.34/0.40| 70 ]0.12
Df — KTrtr~ |unkmosusnbii tentonnwiii| 110 [0.65(0.40| 70 [0.12
IAJIEIITOHHBIH 51 [0.61(0.25| 60 |0.14
Df — f,(980)7™" | umkmosuBHbIi tenTonnbrii| 132 [0.64(0.40| 70 [0.12
IAJIETTOHHBII 61 [0.61]0.25| 60 |0.14
D} — ¢ntntn~ |urkmosuBHbl tentonnbii| 198 (0.64(0.40| 70 [0.12

Tabmuma I: IlapameTpbl KaHAJIOB PacCajia, PACCMOTPEHHBIX JJIsi OIEHKM YyBCTBUTENIHHOCTH IIApPaMETPa

Amg [19]

[Toce obbenuHeHUsT PE3YIBTATOB BCEX PACCMOTPEHHBIX KAHAJIOB PACIALa JJjIs WHKJHO3UBHOTO
JIETTTOHHOTO W JTUJIEIITOHHBIX TPUTTEPOB OIEHEeHa UyBCTBUTENLHOCTL K M3MepenusiMm Amg paBHas
6.2 ps~! mpu 95% ypoBHE JOCTOBEPHOCTH. DTOT PE3YIBTAT MOKET OBITH YIYUIIEH C IPUMEHEHIEM
TEXHUKY MEUEHUs TI0 3aPsy CTPYM B WHKJIFO3WBHOM JIETTOHHOM HAGOpe, UTO CHU3UT BEPOSTHOCTH
HeIpPaBUILHOrO Medennsi 10 1—0.3 u mpuBeger K wyscrsuTenbHocTn Am3™—6.8 ps~! npu 95%
YPOBHE JOCTOBEpHOCTH (pUCYHOK 9).

Nrax: 9yBCTBUTETHHOCTH K M3MEPEHUIO TapaMeTpa CMemuBanus Amg TOIydeHa st KOM-
OUHATIMH JaHHBIX OT Pa3JuYIHBIX KawaaoB pacnaga B2 ma CDF. Msr paccMmoTpenn pasiudmbie
KaHAJIbl JIS JAJIENTOHHONO W WHKJFO3WBHOTO JIEITOHHOTO TPUTTEpHBIX HabopoB. B pesymbrare
MOJIy9eHa OIEHKA MAaKCUMaJbHOM YYBCTBUTEJTHHOCTH, JOCTYITHON Ha maHHbIX 1-ro ceanca CDF
Am$=6.8 ps~! ma 95% ypoBHE JOCTOBEPHOCTH.

Brarogaps npumenennto SVT tpurrepa wa CDF 11 gocrurayra crarucruka, QOCTATOYHAS s
U3MEPEHUS YACTOTHI OCTIUILISITIH BS—ES. N3mepenust nposeens! Ha crarucruke 1 fb~! ma mabopax
u3 3,600 moJIHOCTBEO BOCCTAHOBJIEHHBIX aJIPOHHBIX pacnajoB Bg u 37,000 yacTudHO peKOHCTPYUPO-

BaHHBIX TIOJIYJIENITOHHBIX paciaioB By [6].
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< 4
3.5t
3t
[ Updated
2.5 F
[ Combinediresult
2 F
1.5 F
1 F
0.5 f
z _
OOHHWHH2H"3""4""5‘“‘6””7””8””9”“WO

Am (ps™)

Puc. 9: Viryuwuenslit o6bequnenHbiil pesyiibrar 1o dyscrsureibHoct (1.6450 4 (Ami™®)) aya Becex Kanaion

IPY BEPOSITHOCTH OMUO0YHOr0 MeueHus 1)=0.3 1Jisi MHK/TIO3UBHOTO JIEITTOHHOTO TPUTTEPHOTO HAGODA.

B-anposbl 0TOBPAHBI ¢ TIOMOIIBIO TPUTTEPHON CUCTEMBbI, KOTOPasd BOCCTAHABINBAECT TPEKU 3aPs-
JKEHHBIX YACTHI] U OTCIeKUBAET B-Me30HE! ¢ Ootbitumu mpoberavu. OCHOBHO KOMIIOHEHT TPUTTEP-
HO¥ CHCTeMBbI, TO3BOJIUBIINI TPOBECTU JIAHHBIE U3MEPEHH - 9T0 KoMILIeKe “SVT Tpurrep”, KoTophiii
oTbupaer coObITHSI, CojleprKallne ES — Dfn~ u D~ 77~ pacnagpr.

JIist PEKOHCTPYKITUY KAHIUIATOB ES cHauaa orbupanucs coberus D — ¢nt K*(892)° KT,
untn nt,c¢p - KTK~ u K'Y — K7~ npu srom Tpebosanu, urober ¢ n K*O kammmmarot
COOTBETCTBOBAJIM U3BECTHBIM MaccaM M HMIMPHHAM 3THX JBYX pe3oHaHcoB. DI kanamaaTel o6beau-
HSIINCH C OQHON WM TPeMst JOTIOJHUTEIHLHBIMI 3aPSKeHHBIMHA TaCTAIIAMY 1T 00pa30BaHms D;"f—,
Dfr~ u Dfn~ntn™ xanamparos. C momombio DI u apyrux mpojkToB pacmazia ES OTPeIeIANACE
ofIIas BepIIHHA POK/ICHUS B TPEXMEPHOM IIpocTpancTse. s Konearnoro cocrosuns K*(892)0 K+
OBLTH yIaIeHbl KaHUIATEl, COBMECTHMBIe ¢ TUTOTe30H pacnaga Dt — K- ntrt,

Apomar Bg BO BpeMst pOXKIEHUST OTIPEeseTcs: ABYMsT CIocobaMu: onpeeenne apomara By ¢
MOMOIIBI M3MEPEHHUsT 3apsA/1a COIY TCTBYOIMUX KAOHOB (same-side tag); n3amepenue 3apsaia JEnToHA
OT TOJIYJIENITOHHOTO PACIIaia BTOPOro b aapona, POKIEHHOTO B CTOJKHOBeHUHU (opposite-side tag).

Db deKTUBHOCTH IPUMEHEHNs ITHX CHOCO60B MedeHnd () = €D? OmMCHIBAIOTCS NIOCPEICTBOM
9 DEKTUBHOCTH € - JI0JIM CUTHAIBHBIX COOBITHI ¢ TIPHCBOeHHOT MeTkoil n "pasbapaenns™ (dilution)
D=1—-2w - rae w - BEPOATHOCTH TOTO, IYTO METKA OITUOOTHA.

[Iporeaypa MakcuMaabHOTO TPABAONON0OUS OBLIa UCHOIB30BAHA JIJTsT TTOUCKA By OCIIMILIATINIL.
OyukIusg HAKOOJBIIETO TPABIOTIONOONS BKIYAET B KAJECTBE MapaMeTpOB MacCy, BpeMsl KHU3HM,
pasperiieHne Mo BPEMEHW KU3HU W WHMOPMAINI0 0 METKe JIJIsi KaXK0r0 KaHUIaTa, a TaKKe CO-

JACP2XKUT Y9JICHBI JJId CUT'HaJIa W PA3HBIX THUIIOB CbOHa. cDI/ITI/IpOBa.HI/Ie IIPOU3BOAUTCA B TPU IdTalla.
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Bo-1iepBbix, BBITIOJIHSAETCS COBMECTHBIH (DUT JIJIst MACCHI U BpDEMEHU KU3HU, JIJI OT/AEIEHUS CUTHAJIA
orT hoHa W IJIA OMpPeeseHns] MacChl M BPEMEHHBIX XapaKTepUCTUK pactanoB. CoBMeCcTHBIH dur
IUTg MacChl B u MIUpPUHBI pacmaaa s aJpOHHOTO Habopa COOLITUI W IMUPWHBI PACIaIa, [JId 0~
JIYJIENTOHHOTO HAOOpA MOKA3a I 3HAUEHUsI, COBMECTUMbBIE C JTAHHBIMU PDGP]. Jlanee, acHMMeTpPUN B
OIIpEJIEJIEHUN aPOMATOB U3MEPHAIOTCA /I Pa3IndIHbIX KoMIoHeHT dona. Ha mocsegnem srane npo-
BOAMUTCA (DUTHPOBAHUE JJIsI OMPEIeeHUs TapaMeTpoB BS — FS OCTINJLIISATING; Macca, BpeMeHHbIE
XaPAKTEPUCTUKY PACIAI0B U (DOHOBBIE acuMMeTpun (PUKCUPYIOTCH CO BHATEHUSIMU, OTPEeIeTEHHbI-

MU Ha TPEIBIAYIINX dTanax (PUTUPOBAHUS.

CDF Run Il L=1fb*

Amplitude

B data+ 1.6450

1 data + 1.645 o (stat. only)
---1.6450

® sensitivity: 25.8 ps'l

1
e

- P i r e e ' r A
] = datax1lo i ﬂ:w *w

—  —_e¢— 2

1
N
|

— combined
---- significance=1%

N W
o O

-------- hadronic
---- semileptonic

=0
Puc. 10: (Beepxy) V3mepennbie 3HadMeHUs aMIIMTYALI U OMMOKM B 3aBUcHMOCTH oT BY-B, wacToThl oC-

1 AMIIJIUTYAa COOTBETCTBYET CAVMHUYIHOMY 3HAYCHUIO U

munanuit Amg. Ilpu 3uadenun gacrorst 17.3 ps™
OTJIMYHA OT HyJis Ha 3.7 CTAHAAPTHBIX OTKJAOHEHui. [l00Ck!, MOKa3aHHBIE CBETIO CEPBIM W TEMHO CEPBIM
COOTBETCTBYIOT OJHOCTOPOHHEMY 95% YPOBHIO JOCTOBEPHOCTH JJIsI CTATUCTHYECKUX OMIMOGOK W JJIS TTOJTHBIX
omnboK (CTATUCTUYECKUX + CUCTEMATHYECKHUX) COOTBETCTBEHHO.

(Buusy) Jlorapudm oromeHs HYHKIME HAMGOABIIErO NPABIONON00Us NI AMILIUTYIbI, DABHON HY/IO 1
aMILTUTYIB!, paBHo# equnune, A = log[LA=0/LA=1(Am,)], B 3aBuCHMOCTH OT YACTOTHI OCUMLIANMHA. Han-
6ostee rIyGOKMiT MHHEMYM COOTBeTCTByeT Am, = 17.3 ps™!, rme 3mauenme A = —6.75. IIlTpuxoBannas
rOPU3OHTANILHAS JIAHUSA yKA3LIBAET 3Ha4eHWe A, KOTOPOE COOTBETCTBYET BEPOATHOCTH B 1% mans cioydas

JIAHHBIX, MEYEHHBIX CIyYallHBIM 00PA30M.
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Curnanpable yHKEN wiorHocTrn BepostHocTH (PIIB) 3ammceiBarorces B obmiem Buze [6]:

Si(tiaati>Di) =
I's pp
e(t) / 9 ¢ bt [1 + AD; COS(Amst,)} G(ti =t 0v,) dt!

rae D; - dilution sist i-ro kaumuuara, a t;, oy, G u €(t) 6pLIM Opeesensl panee. B coorsercTBIN
¢ merosiom[¥], orduruposana ammmTyaa ocrmamaii A B 3aBucumoctu ot 3uadenns Amg. Tpn
upasusibHOM yuere 3Hadenuii (D;, 0y,) upejnosaraeTcs, 9T0 aMIUIMTY 1A OCHUILISALIMA COBMECTUMA C
A = 1 npu 3Hagennn Amg, COOTBETCTBYIOIIEM UCTHHHON 9aCTOTE OCTIAIISIIAH , 1 AMILTHTY/ T8 OCITAT-
nanuit coorsercreyer A = 0 npu sHadeHuax Amyg, yIAJEHHBIX OT HCTHHHONW YaCTOThI OCIIUJIIATIIA.
Ha pucynke 10 (BBepxy) mokaszano 3HaueHne oThUTUPOBAHHON aMILTUTY/IbI B 3aBUCUMOCTH OT 9a-
cToThl ocuunAnmii. YyBCTBUTEIHLHOCTD N3MEPEHMs ONPEAEICHA, MAKCUMAJIbHBIM 3HAYeHneM Amyg,
rie A = 1 uckimouena Ha 95% ypoBHe JOCTOBEPHOCTH JJIsl CyYasi, €CIu Obl H3MEPEeHHOe 3HAYeHne

1

A pasusiiocs myo. Hyscrsurenbuocrs CDF 11 cocrapiser 25.8 ps™ " u npeBbIaeT 00beIMHEHHY O

YyBCTBUTEJILHOCTH BCEX HpeabLaymx skcrepumentosl!|. TIpu snauennn Amg = 17.3 ps~!

, HabIt0-
Jaemast amiryga cocrasiasier A = 1.03 £ 0.28(stat.), yro coBmecTuMO ¢ euHuULEH U yKa3bIBaeT
Ha HAJUYUE OCHUJLISAIINN BQ-ES Ha 3TOi 9acrore. A g ammuTyabl nmeem A/o4 = 3.7, roe o4
- ommbKa usmepenus A. OTpuraresbHble 3HAYCHUs] AMILIATY/T, B3MEPEHHbIE [IPH 9acTOTax, HEMHO-
T'0 BBINIE W HEMHOTO HUKE TTHUKOBO, BBI3BAHBLI OTPAHWIEHHON 00,1aCThi0 m3Mepenus: mpoberos By,
KOTOpast OMPEIEIeTcs TPUTTEPHBIMU YCJIOBUSIMUA W KpUTepusiMu oTbopa cobbituii. Cucremarutie-
ckag ommbKa A BbI3BaHA HEONPEICTCHHOCTSME [Tt u3Mepenuii oy, u D;. Tak Kak BIusiHEE STUX
HeonpeneennocTelt Ha A m 04 ckoppeampoBano, To orHomenne A/o 4 wMeer mpeHefpeRnMyio
CHUCTEMATHUYECKYIO OIINOKY.

B uTore nposeneno nepsoe usmepenue Amg. TounocTs sToro maMeperns aydme 2%. Bennmunna
Amg COOTBETCTBYET OKUIAHUSIM CTaHIAPTHON MO || 1 HAXOUTCs B IpesieIaxX MpeICKa3aHHbIX
rpanut. U3mepenne Amg mossommno onpenenuts |Vig/Vis| ¢ nanBbicmeit TOUHOCTBIO 1 MOXKeT ObITh
WCIIOJIb30BAHO [id yTouHeHud napamerpoB yuurapHoctu KKM marpunst u i TEOpeTHYIecKuX
CTEKYSIIIH, BOBJIEKAIOIINX HOBYIO (DU3UKY.

Jayiee B Tperbeil ryiaBe PacCMOTPEHBI JIPYIUE BaXKHBIE PE3YJIBTATHI, TOJYyUYeHHBIE C TTOMOIIBIO
SVT rpurrepal™|, B wacTHOCTH, BriepBbie HAOIIO/IEH Bg — (¢ pacia/i, BIEPBble U3MEPEHa BEPOSIT-

Hocth pacmaga Ay — Af 1™

Br(Ay, — Af7n™)
Br(B — D-n+)

= 2.2 4+ 0.4(stat) + 0.3(syst) (9)

Yayumenn cpennemuposbie(PDG) gannbie no usmepenuto mace Bg, Ay (pucynok 11) u pasauiipt
macc D} — Dt m(DF) — m(D*) = 99.41 4 0.38(stat) & 0.21(syst) MeV/c2.
Yerpepras rsaBa IOCBIINEHA N3MEPEHUIO MACCHl TOI-KBAapKa B JUJIEIITOHHON MOJEe pacmasa

ua ycranoske CDF.

[] M.Bishai, for the CDF II collaboration, "Beauty and charm physics at CDF Run II "Eur Phys J C 34, s01,
$347-5357 (2004)
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4acTHLA wsmepenusi CDF 1T (MeV /c?) PDG 2002macca (MeV/c?)

BT 5279.32 + 0.68(stat) £ 0.94(syst) 5279.0 £ 0.5
B° 5280.30 = 0.92(stat) £ 0.96(syst) 5279.4 + 0.5
R 5365.50 = 1.20(stat) + 0.94(syst) 5369.6 + 2.4
A, 5620.4 & 1.6(stat) & 1.2(syst) 5624 4 9

Puc. 11: Uzmepenus mace b- agponos na CDFII

Ha TOBATPOHE Bo 2-m ceance npu sueprum /s = 1.96 TsB pp-crosknosenuii Tom-KBapKn
POKJIAIOTCA TapaMu tt, TIIaBHBIM 00pa3oM, 4epe3 ¢ anuuruasmuio (~ 85%) U TIHOH-TIIO0OHHOE
crusiaue. M3-3a 60JIbINO# MUPUHBI paciajga u COOTBETCTBEHHO KOPOTKOTO BPEMEHU KU3HU (~ 4 X
10725 5), TOI-KBapK PaCHa aeTCs mepes apoHn3aIet; TakuM o6paszoM, "' cBOGOIHbIH KBapK' MOMKeT
ObITh M3yUeH 0e3 yCaoKHeHUs OT Hu3KodHepreTnanbix dddexron KXI.

[To crangapTHON MOmEaU TON-KBApK pacrajaercs B ocHoBHoM Ha W-6030H u b-kBapk; b-kBapk
apoHmM3yeTcsa B cTpyio dactuil, a W pacnamaercs aubo Ha ¢, OO Ha JETTOH-HEHTPUHHYIO TTapy.
Taxum 06pazoM, pacna] W-6030H0B onpesengeT XapaKTepPUCTUKH t1-COOBITAS 1 CTPATErHio 0Thopa
cobBITHIA.

JlumnenToHHas MOTa PacIaia ONpeIesIsaeTcsd caydaeM, Koraa oba W pacmagaiorcst Ha JemTOHE
tt — bl vbl vy, Xorsa sta “dilepton” Mmoza cocraBnger seero ~5% ot ¢t cobpiTnit (He cuntas pac-
IIaJdbl Ha Tay—ﬂeHTOHbI), n3MEpPEHNA MaCChl TOII-KBapPKa B 3TOM MOJE OY€HDb BaKHbLI: OHM IIO3BOJIAIOT
YMEHBIIUTH ODIIYI0 HEOHPEIEIEHHOCTh MACChl TOI-KBapKa. KpoMe TOro, HE3aBUCUMBIE TUJIEIITOH-
HBIE W3MEDEHWsT CIYyKAT JIsI TPOBEPKU COOTBETCTBUST MACC TOM-KBapKa, M3MEPEHHBIX B JIPYTHUX
MOJIaX, T.K. JAAIETITOHHAST MO/ COAEPIKUT JPYyTHe UCTOIHUKU (POHOBBIX COOBITHH W TIPEICTABIAET
Ipyroit Habop cobbITHIii.

Pe3yﬂbTaTbI7 NOJIYYEHHbIC U aHAJIU3UPYEMbIE B JUCCEPTAIMN, OCHOBAHbI Ha JaHHBIX C YCTAHOBKKU
CDF, nakomieHHbIx Bo BropoM cearce Tosarpona (mapt 2002 - asryct 2004).

Curnarypa tt-pacnaJioB B JUJICITOHHOM KaHaje ONPEAeTIAercd IBYyMs CTPYIMEH OT b-KBapKOB,
JIBYMSI JIENTOHAME C GOJIBIIMME MOMEPEUHBIMU UMITY/ILCAME 1 OOJIBIION HEJOCTAKOIMER SHEprueit (u3-
3a 2-x HeﬁTpI/IHO) OT pacirajoB VV7 a TAKZKE€ BO3MOXKHBIMHA AOITOJIHUTC/IbHBIMN KBAaPK-TJIFDOHHBIMHA
CTPYAMH B Ha4aJbHOM M KOHEYHOM cocTogaur. OCHOBHOMN (bOH /I TUJICIITOHHBIX {-COOLITHIl Ipo-
ucxonut ot nporeccos penn-fua (¢ — Z/v* — eTe ™, utu=,7777); W(— lv)+jets- Tak HazbI-
Baembix fakes coGbiTwii, T/ie CTPys UMUTHPYET HAJWYHE BTOPOTO JIEMITOHA; a TAKXKE OT POXKICHUSA
aByx 6ozonos (WW, WZ, Z7).

Jlamuble HAOpAHBI ¢ TIOMOIILI0 WHKJIIO3UBHBIX JIETTTOHHBIX TPUTTEPOB HA 3JIEKTPOH, MOTABIIAN

B TIEHTPAJBHBIM KaJopuMeTp, ¢ momnepednoit smeprueit By = Esinf > 18 GeV, u ma Mi00H B
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Tabnuna II: CerumocTh, 0XKUIAEMBIE YUCIIA CUTHAIBHBIX 1 (DOHOBBIX COOBITHIl (C MOJIHBIMU HEOIIPEIEJIeH-

HOCTAMU) M HabJ0aeMoe Yucsio cobbituit. Cedenue pox/ienus tf npejnoaaraercs pasibiv 6.1 pb.

CeeTtuMoCTh 340pb—1

Oxumaemoe ancio tt 15.7+1.3
Hpenn-Adu 5.5+1.2
W(—Llv)+jets moxKHbBIE 35+14
Jnbo30HbBI 1.6+0.3
CymmapHsbrit hon 10.6£1.9
CymmapHoe oxKumaemoe 26.2+2.3
Habmogaemoe Ha JaHHBIX 33

obnactu |n| < 1.1 ¢ momepednbiM mMmyabcoMm pr = psinf > 18GeV/c. dna snekrponos B "end
plug"kamopumerpe Tpebyerca Er > 20 GeV. CobbiTusi AOKHBI 00J1a/1aTh TAKXKe HEeJIOCTAFOIIE
nouepeunoit sueprueit Fr > 15 GeV, oupeueseHHol n3 BeKTOPHON Cymmbl — ) . E%n}, rae 1; -
eIMHIYHBIA BEKTOD B a3MMYTAIbHOM IJIOCKOCTH, KOTOPBIl HAIPABJIEH OT OCH IydKa K i GamrmHe
Kasiopumerpa. B cobeiTuu TpebyroTcs 10 KpaitHeit Mepe JBe CTPYH, KOTOPBIE OTPEIeJIsiioTCs 110
KJIACTEPaM SHEPrOBBLICICHAS B KAJIOPUMETPE ¢ pasmepom kouyca v/ An? 4+ A¢? = 0.4

B Tabsure I mpuBeseHbl CBETUMOCTD M OXKUIAEMBIE UUCTa CUTHANIBHBIX U (POHOBBIX COOLITHH,
a TakKxKe 9HCI0 OTOOPAHHBIX SKCIIEPUMEHTAJbHBIX COOBITHII. AKCenTaHC CUTHANLHBIX (f COOLITHIA
BBIYMCISICS C TOMOIILIO TporpamMM moaHoro mogaeposanust jgerekropa CDF u PYTHIA B upea-
TTOJIOXKEHNN CEUEHUsT POXKIACHWS Tapbl TOM-KBApKOB 6.1 pb, ¥TO COOTBETCTBYeT Macce TOIM-KBapKa
178 GeV/c?["|. Yucna doroBbx cobprTmii nus xkareropuit dpemnn-slu, W(— fv)+jets fakes u mu6o30-
HOB OIIEHEHL] Ha TaHHLIX U C IOMOMILI0 IporpamM Mogeaapopanns: PYTHIA, ALPGEN+HERWIG.
[Tosable HEOTIPEOETEHHOCTH ST OKUIAEMOTO BBIXOZA COOBITHH BKIIIOUAIOT KaK CTATUCTAIECKIE
HeomnpeaenerrnocTn Habopos Monte-Kapmo, Tak u cucreMarwyeckmne OMMMUOKW OT WMIeHTH(MDUKAIHT
JACTHUII, U3MEPEHNs SHEPTUil CTPYil U MOJEJUPOBAHUA CUIHAJLHBIX tT 1 (POHOBBIX COOBITHIL.

Ha skcmepuMeHTaIbHBIX JAHHBIX, OTOOPAHHBIX ¢ TTOMOIIBI0 WHKJIIO3UBHOTO JIETITOHHOTO TPUTTE-
pa, Haiiieno 33 KauaugaTa B tt coOBITHA.

ﬂf[?{ KUHEeMaTHU4eCKOH PEKOHCTPYKIINU MaACChI TOII-KBAaPKd B AWJICIITOHHOM CO6bITI/H/I HE XBaTaeT
ypaBuenu#t cBasu. Tak, m7s lepton—+jets Mombl pacmaga gBe KOMIOHEHTHI HEJOCTAIOIIEH SHEPTUN
Fr , npenmonoxkenne o paBeHCTBe MacC ¢ W ¢ KBApPKOB M NOCTPOCHHE MHBAPHAHTHON Macchl (v
JJIA W, TTO3BOJIAIOT UCHOJIH30BATH KUHEMATUUYECKNH CbI/IT CO6BITI/I§[ HECMOTPA Ha HaJIm4dne OJHOTO
HefirpuHo. JIaa AWIENTOHHONW MOJBI PACIaga MMeeM Ba HEeHTPUHO, UTO JAeaeT HEBO3MOMKHBIM
MPSMOE UCTIOTBL30BAHNE KHHEMATHIECKOTO (PUTA B JAHHOM THITE COOBITHIA.

TouHee MOXKHO CKa3aTh, 9TO JJIg KasKIOro tt COOBITHA KHHEMATHKa IIOJHOCTHIO ONpPeIesdeT-
ca 24 Bepmunnamu: 4-UMIyIbCAMU 6-TH 9aCTHUI] B KOHEIHOM COCTOsSHWE. JIBEHAAATEH 3-UMIIYy/IHCOB
JUTA ABYX D-KBapKOB M 2 JIENTOHOB W3MEPSIOTCA JETEKTOPOM BMECTE C JBYMS KOMITOHEHTAME Fop .

Bemuunasr Mace miist b-KBapKOB U 2 JIENITOHOB U3BECTHBI, & JBa HEHTPUHO mpeImoaranTcs be3Mac-

[*] M. Cacciari et al., J. High Energy Phys. 404, 068 (2004).
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COBLIMH. [le/ast TpU JOIOJHATENbLHBIX IIPEIIOI0KEHA 0 pacagax tt u W 6030Ha mosrydaeM:

m(bltv) = m(bl™ D) (10)
m(lTv) = m(W™) (11)
m(t"v) = m(W7) (12)

B pesynbrare nmeem TOBKO 23 U3BECTHBIX U MIPEJIIIOIArAEMbBIX KOMIIOHEHT cucteMbl. CriegoBaTesib-
HO, Macca TON-KBapKa HE MOYKET ObITh NPAMO PEKOHCTPYMpOBaHa U3 tf JAMIENTOHHOIO paclaja:
TpebyIOTCS JIOMOJTHUTEIbHBIE KHHEMATHIECKUE TTPEJIOIOKEHNS JJIsi BOCCTAHOBJICHUST MACChI TOII-
KBapKa.

[IpakTuydecku Jiid KaxKj0ro cOObITHS IIPOBEIEHO WHTErPUPOBAHUE 110 HEU3MEpPSeMbIM KUHEMa~
TUIECKUM TTePEMEHHBIM [T TOJMYUYeHUs PACIPENeseHu, JAOMUX OTHOCUTEIHHYIO BEPOITHOCTH
pasIMYHbIX 3HAYEHMII Mace Ton-KBapka. MojeaupoBaHue pacnajos tf 1 ONTHUMU3AIMs METOIa Ha
Bosrbiux HAbOpaAX pa3IUYHbIX MACC TON-KBAPKOB BbINOJIHeHbI ¢ toMoribio HERWIG reneparopa ¢
CTEQSL|®| dyskimamu pacipe/iesieHnst TapTOHOB.

PazsuThiit B jauccepraimu MeTOS PEKOHCTPYKIIMU MAaCChl Tom-KBapka nazsam “‘Neutrino ¢
Weighting Method (PHI)” [5] u npusuan corpyunuudecrsom CDF. C nomouibio 1010 HuTe bHbIX
[PEJITOIOKEHNH 00 a3UMyTaJIBHBIX yIJIaX ¢ HEUTPUHO PEKOHCTPYUPOBAHBI JUJIEITOHHBIE PACIIA b
IyTeM MEHIME3AMAE X2 (DyHKIHOHAIA /s BLIGOpPA OHOrO 3HAYEHHS MACCHI TOI-KBAPKA B COOBI-
. Macca TOm-KBapKa, TOTydIeHHAs B AUCCEPTAINH, n3Mepena Ha crarucrtuke 340 pb~ 1,

Munumuzupyem X2 byHKIUOHAL:

2 v 2 iy N i 1T R)\2
pT pT (pT - pT) (UE' - UE")
Z ¢ T2 + Z j 2 + Z i 2 (13)
=1 Opr j=1  Opp i=1 OUE
(m&l/l — W)2 + (mlefz — mW)2 + (mj1f1l/1 — 77{?5)2 + (ijZQVz — @)2
F2 F%V F% I‘%

3rech mepBbIil wieH 0003HATALT CyMMUPOBAHME I10 MOMEPEUHBIM WMITYIbCAM JIETITOHOB pgw, a pas-

pellieHre IeTeKTopa JJIs 3JIEKTPOHOB W MIOOHOB GepeTcst paBHbIM|®|:

e

o
= = (14)
pr

O-gT I

pr

Bropoii wien B coorromennu (13) OMUCHBACT CyMMUPOBAHUE IO TIOTEPEUHBIM HMITYIBCAM [ JIBYX
muampytommx crpyit. Bemmumaa UE (¢ HeOMpeae eHHOCThIO o) B TPeTheM X2 dIeHe 0603HaTa-
eT HeKJIAaCTEPU30BAHHYIO SHEPIUI0 B KaJOPUMETDE, TpPOCyMMupoBaHHyto 1o (i = 1, N) GamHsm,
KOTOpasl He CBsi3aHa C JIENTOHAMW M KJacTepamMy OT JIMJANPYIOMMX CTPYyii, a BK/IO4Yaer B cebst
nonosEATEBHEe cTpyn ¢ Er > 8 GeV/c? and || < 2.5. BeawdwwHer my, W Mg, B COOTHOTITE-

Hun 13 0003HAYAIOT PEKOHCTPYUPOBAHHBIE MHBAPUAHTHBIE MACCH TPOAYKTOB pactaaa W-6ozona u

[°] H.L. Lai et al., Eur. Phys. J. C12, 375 (2000).
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TOI-KBapKa cooTBeTcTBeHHO. [ist mupun pacrnajga W-6030Ha U TON-KBapKa UCIOJIH30BAHBI CPEJ-
HEMUPOBBIe 3Hadennst. [lepeMentbie ¢ THILI0M 0003HAYAIOT BEJIMUWHBI, MOJIYIEHHBIE B PE3YIhTATE
mporeypbl MUHUMU3an. Bemmanna my - napamerp dbuta, “BO3BPAIEHHBIN’ MPONEAY POl MUHNA-
MUBANWKE B KAUECTBE PEKOHCTPYUPOBAHHON MACChI TOM-KBapKa.

L1 HaXo¥K IeHrsT MMIYJIbca HeHTpuHO oT pacnago W-6030H0B (coorHorierne 13) Tpebyrorcs
JOTIOJIHATEJIFHBIE TTPEANoI0XKenust. [IpenmoaoskuM, Um0 M3BECTHRI a3UMYyTaJIbHbIE YTJIBI JJIsT 060UX

HEHTPUHO (Py1, Pp2), TOTIA MONEPETHBIE UMITY/TLCHI HEHTPUHO CBSI3aHBI C HEJOCTAIONIEH SHEPrue

Er

pé’rl : COS(¢V1) + pé’rQ : COS(¢V2) = Eoc (16)
pg“l : Sin(¢u1) + plilg : Sin(¢u2) = Ey

9TO HaeT pEeIleHMA:

= o) = PO B o0 ) i

= oos(ons) = )= B ConlO)

v2 EJ: 'Sin((z)ul) - Ey : COS((ZSVI)

Py =P - sin(die) = (o — o) -sin(g2).

[Tposenenne mpouemypbl MuanMusanuu(13) a1 BCEX BOSMOXKHBIX BEJTUYMH ¢ HEHTPUHO CO3AET

Habop pemenuii st I0CKOCTU (Py1, Pu2).

B pesysibrare onTuMuzanuu 1mo BeJUYUHE @-CEIMEHTAIMN BhiOpaHa mMarpuia u3 12 X 12 Toduek
B IIOCKOCTH (Py1, Pp2) TakuM 00pa3oM, 9To0bl n3bexkarh Todek Sin(¢,1 — ¢y2) = 0, Ipu KOTOPHIX
cucrtema ypaBuenuii 17 cramoBurca neompemeennoii. JImsa KaxX0it TOYKM CYIECTBYET 8 perrenHwit
W3-33 2-HON HEONPEJEeIEHHOCTA B MPOAOJIBHBIX KOMIIOHEHTAX UMITYJIBCA KAXKJ0T0 HEUTPUHO U ABYX
BO3MOXKHBIX KoMbunaruit jsenton-crpys. Cuemoparensro, 12 X 12 X 8 = 1152 MUHUMU3AIUU COOT-
Homrenust (13) BBIOJHSIUCD JJTS KAyKI0T0 COOBITHSI, PE3YIBTATAME KAYKJI0H U3 KOTOPBIX SIBIISAIICEH
BOCCTAHOBJIEHHAST MACCa TOT-KBapKa M u x2. JIis KasK10if TOUKN BHIGHPAIOCH PEITeHie ¢ MITHI-

MaJIbHBIM X2 cpean 8 noJIyYeHHbIX. B pe3ysibrare Ha Kax10e coObITre nojydyeH maccus uz 144 nap

rec
ij
pellleHre B3BEIINBACTCA 10 BEJIIIMHE X2 COIVIACHO:

X?j u mi$¢ enmuun, e (i = 1,12;5 = 1,12) obozuauaior (¢y,1, ¢p2) TOUKE mI0CKocTH. Kazkioe

eXp(—X?j/Q)
Zzli 23111 exp(—x%/?)

JIJId TIOCTPOEHWS TIJIOTHOCTH PACHPEeIeHNs BEePOSTHOCTH, HOPMUPOBAHHON HA, €JTMHUILY.

'U}ij =

(18)

Brimosnnen psiy rectoB meronom MouTe-Kapiio f7s nposepku paboToCIIoCOOHOCTH PA3BUTOTO Me-
Toza. st 3Toro ucmo/b30Ba uch HAbOPhI CIreHEPUPOBAHHBIX CODOBITHH € TON-KBapPKAMU PA3IUIHOM
MaCCHI.

Jlaee BozumkaeT BOmpoc 06 “m3Bjiedenwu’ ONHON MACChl TOI-KBApPKa Ha COObITHE M PaboTa

C TIOJTHBIM pacrpejenenneM (GYHKIUN IOTHOCTH BepoATHOCTH (].1.B.). DTOT BOMPOC U3yUeH Ha
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Puc. 12: Pacupenenenne mmorHoctr sepoaTHoctn ana HERWIG Monrte-Kano tf cobbitna ¢ m; = 170

GeV/c?. PesyanTupylomas mMacca TOTM-KBapKa TONyYeHa yCpeIHeHneM pacTpe/IeeH st Mocie TPUMeHeHNs

30% mopora oT Hamboee BEPOATHOrO 3HAMEHUS (PYHKIMHU TJIOTHOCTH BEPOATHOCTH.

MOOE/INPOBaHNH. OHTI/IMI/ISaHI/IH IIOKa3aJla - HaWuJIyYdIInM BbI60pOM ABJIAEeTCA yCpeaHCHHuEe MaCCHBaA

rec
ij
IIJIOTHOCTH BEPOATHOCTH.

miee ¢ Becamm ( 18) mocsie npumenennst mopora B 30% ot nHanbosee BepoaTHOrO 3HAYEHUs DYHKIUN

Ha pucynke 12 moxazano pacmpefiesieHne ILIOTHOCTH BepPOITHOCTH Jisd ogHoro HERWIG Monte-
Kauo tt coberrus ¢ my = 170 GeV/c?.

TeXHI/IKa N3MEPEHUA MaCChl TOII-KBapKa B OTAEJIBHOM CO6bITI/H/I, OIMMCaHHasA BBIIIE, ITPDUBOINT K
COBJIAHUEO pacIipejieiernsa Mace Ton-kpapkos Ha ganuabix CDFIL. Oprako, ymoMsHyTOE pacipese-
JICHWE SBJIAETCA CMEChI0 CUTHAIBHBLIX tf M (POHOBBIX COOBITHIL. 11 OKOHYATEIBHOIO ONpeeIeHHs
MaCChI TOIM-KBapKa 9TO paclpejiesieHne CPABHUBAJIOCH C (D.11.B. MACChI TOI-KBApPKa JJisd CUTHAJIbHBIX
7 (HOHOBBIX COOBITHI C MOMOIIBIO (DYHKIIMKM HAUOOJIBITEro mpaBnomonodusd. P.1.B. ompeiesiensl ¢
MOMOIIBI MAPAMETPU3ANNY PACIPEAETCHUH MACC TON-KBAPKOB = (mab/I0HOB), MOTYYeHHBIX JITst
CHUTHAJBHLIX f 1 (POHOBLIX coObITHI n3 MonTte-Kapuro.

JInst BLIIE/IeHNs CHIHAJIA, UCIIOIb30BAJNCE T TUICIITORHBIE COOBITHS, CreHEPHPOBAHHLIE C ITOMO-
mpio HERWIG s mace tom-xsapka ot 130 10 230 GeV/c? ¢ marom 5 GeV/c?. Crpykryprbie
dbyuxiun CTEQSL[C| npumeHeHs! i MOJIEJINPOBAHUS UMILYJICHOIO PACIPE/IEJIEHUs] [IADTOHOB B
HAYaIbHOM cocTosiHuM. CHUTHATBHBIE pacipenesieHus (MabI0Hbl), MOJTYIYeHHBIE U3 TAKOTO MOJIE/TH-
pOBaHNs, TIapaMeTpU30BaHbl cyMMon (yHkimit ['aycca u ramma. Jra napaMerpusanus J1aeT CUT-
HATBHYTO (.11.B., Ps(m;my), TpescTaBasgiontyo BEpOSTHOCTh PEKOHCTPYKIINU MACCHI TOTI-KBAPKa, 1

B caydae, Korma "uctnmnasg macca Oymet my:

Ozl+a1
Ps(m;my) = ogm(m — ap)* exp (—ag(m — ap)) (19)
1 m — as)?
+ (1- OZS)W exp <—(2ai3)>~

[MTects mapamerpoB «; B cooTHomeHnn 19 mpeanosararoTcs JMHEHHO 3aBUCUMBIMU OT CTeHEPHPO-

BAHHOM MaCChl TOI-KBapKa, Tak 4To (QaKTHIECKN BBITOJIHsETCA 12-mapaMerpudeckuii but aas p;
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Puc. 13: IIpumeps! curaa pHBIX MIAOJIOHOB B 3aBHCUMOCTHA OT MACCHI TOI-KBapka Jjsd 3Hakvenuit 140, 170,
200 and 230 GeV/c?. Ilokazana napamerpusamas Gyrkiusamu (19). BeprukaibHble JTHHEE COOTBETCTBYIOT
TeHEePUPOBAHHON Macce TOM-KBapKa.

JUI BCEX 1abI0HOB OTHOBPEMEHHO C:
o = pi + (my — 175GeV /c?) pigs. (20)

Ha pucynke 13 mokazaHbl CUTHAJILHBIE IMTAO0J0HBI ¢ COOTBETCTBYIOMMMHI HTaPaMETPU3HPOBAHHBIMI
dbyukmusvu dura (19).

st hoHOBBIX COOBITHIT CO3/IaH OAWH WTOTOBBIN MTabI0H, KOTOPKIHT BKIOUAET B Cebs BKIALHI OT
KaXKJ0T0 MCTOYHUKA (DOHA COTVIACHO X OKHUIAEMOMY BBIXOMYy, orpaxkennomy B tabsuie 1. Ilab-
JIOHBI JIJIST PA3JHYIHBIX (POHOBBIX IPOIECCOB PEKOHCTPYHUPOBAHBI U3 CMOASIUPOBAHHLIX IIPOIIECCOB:
Hper-Adua (PYTHIA), W(— lv)+jets "fakes"(ALPGEN+HERWIG), u mu6ozonos (PYTHIA u
ALPGEN+HERWIG). ®onossie ¢d.n.8. Py(m) noaydaeM ¢ moMomeio (hurupoBanust 00eInHEHHO-
ro ¢gorosoro mabsona QYHKIHEH, aHAJOTUIHON TOH, 9TO MCIOJH30BAHA )i CUTHAIBHBIX I1ad/I0-
HOB (19), ofiHAKO Temeph mapameTphl (pUTa He 3aBUCST OT "HCTUHHON"MACCHI TOM-KBapKa 1.

[locaennnii mar B AHIEIITOHHOM IMaOJ0HHOM aHAJIN3E - ONpeIe/IeHrne MACChl TOI-KBapKa Ha Ha-
Hope JTaHHBIX My TeM AMMPOKCUMAINH (DYHKITHEH HAnOOIbITEro mpas1omoA00usa. C moMOIbI0 TpoIe-
IIYPBI HANOOJTBIIIETO TPABIOTION00M HAXOUM BEPOSITHOCTD TOTO, 9TO JAHHBIE OITUCHIBAIOTCH CMECHIO
(DOHOBBIX U CUTHAILHBIX COOBITHI tT J71a OIMpe/Ie/IeHHOro 3HaYeHnsl Macchl TOI-KBapKa. B KadecTse
BXOJHBIX BEJMYHH UCIOJIL3YEeM 3HAUEHUsT MAaCChl TOI-KBapKa, BOCCTAHOBIEHHBIE B KaK/I0M COOBITHH

Ha JaHHBIX W MTapaMeTPU30BaHHBIE (D.I1.B. /19 CUTHAJILHBIX U (DOHOBBIX COOBITHIL, TTOIYIEHHBIE U3
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MOIE/INPOBaHNA.

Obmast GyHKIUS TPaBIONOL00usT BHITJISIIUT:

ﬁ(mt) = ﬁshape(mt> X ['nb (21)
rje
et (ng + )V oy 1 Pa(ma me) + Py (mi)
€ Ng T Np N g\ 135 1Tt NpLp\115
Lohape(Mmys) = 22
bape (1¢) N! Pl ng + np (22)
n
_ (ny—nyP)?

Dyukrust HaUOOTBINETO MPABIOIOAO0NS “BO3BPAINAET’ 3HAUEHNE MACCHI TON-KBAPKA (My), KOJIU9e-
CTBa CUrHAIBHBIX (1) 1 POHOBBIX (Np) cobbrTuii. Oupegensiercs BepOATHOCTb, 9TO KaxkK10€ COObI-
THe (i) sIBJSETCS CUTHAIBHBIM COOBITHEM ¥ 9TO OHO SABJSETCS (POHOBBIM coObITHeM. CHTHATIBHBIE
u (HOHOBBIE BEPOSATHOCTU IIPUCBAMBAIOTCH IIPU CPABHEHUU M3MEDEHHON B OJIHOM CODBITHM MACChI
TOM-KBapKa M; C MapaMeTpu30BaHabiMu ¢.11.B. JJisd CUTHAIbHBIX P n dorosweix P, cobbrruii. Ha-
XOJATCH BEPOATHOCTH, 4TO (PYHKIMsS HAUOOJIbIEr0 [PaB/ONOA00Us OlIpeiesider Ynucjio (POHOBBIX

o .o o €:
coOBITHI Ny, COBMECTUMOE C AIPUOPHOI OTIEHKOiT anp

, M 9TO IOJTHOE YUC/I0 CHTHAIBHBIX (1) 1 o-
HOBBIX COOBITHI COBMECTHMO € InCI0M Hab/romaeMbIx cobbitrit V. Huco (poHOBBIX COOBITHI TOIK-
HO ommchIBaThCa (yukrmeit ['aycca co cpemnuM 3HaYCHUEM nZXp (¢ ommbKoit, paBHO 0XKMIAEMOT
HEOIPEIETeHHOCTH B Uncie (GOHOBBIX COOBITHI 0y, ), & CYMMa Mg U N TOTINHITHCS PACTIPETETCHIT0
[lyaccona. Takum 06pazom, YUCI0 CUTHAJIBHBIX COOBITHI, OlleHeHHOe (DYHKITHEl IPaBIoIo100us, He
BaBUCHUT OT OXKUJAAEMOTO YHUCJIA, CUTHAJBHBIX COOBITHI, OCHOBAHHOTO Ha MPEINOIAraeMOM CEeIeHUN
tt. ITorosoe 3HadeHne MacChl TON-KBapKa (my) nosydaem us Munumyma dpynkiun — In(L).

CratucTuueckas HEOTPEITEHHOCTE JIJIS My OTPEIeIeTCs U3 PA3HUIBI MEXK Ty MAacCOil B MUHM-
myMe dyukuuu npasgononobust u maccoit npu — In(L/Lpax) + 0.5.

B ananuze ucmob30BaHO GOJIBIIOE THUCIO CMOJAETUPOBAHHBIX aHCcaMbJIeil TaHHBIX WJIU [CEBIIO-
9KCIIEPUMEHTOR, JIJIsT TIPOBEPKY TOTO, 9TO METOJ, M3MEPEHUs MaCChl TOT-KBAPKa, OMUCAHHBIN BHIIIE,
BO3BPAIAET OKUIAEMOE 3HAUEHUE MACCHI TOT-KBapKa.

[lepen Tem, kak npuMeHUTh pa3BuThiit MeTos Ha JaHHbix CDFIIL, nokazana paborocnocobHOCTE
MeTO/Ia Ha CMOJAETUPOBAHHBIX HAGOPaAX COOBITHI ¢ HEM3BECTHBIMU 3HATEHUSIMIA MaCC TOT-KBAapPKOR.

Metos; ipuMeHeH K 33 0TOGPAHHBIM JIAIENITOHHBIM COOBITHSM, cooTBeTcTByRommM 340 pb~!. B
paboTe UCIOB30BAHBI AJTOPUTM PEKOHCTPYKIINNA COOBITHII U TPOIEIypa HAUDOBIIETO TTPABIOTIO-
no0usi, OlMCaHHbIe B MPEABIAYIITX pasjesiax. [lpu 3ToM npuMeHsiioch ox)ujaeMoe 9ucjo (hoHo-
BBIX cobniTmit, ykazamnuoe B Tabauie 1I. Kax ykazano B Tabaure 111, dur dyuknmeit nanbo1bimero
IpaBAOnoA0bus BepHY/I 9uCa0 (DOHOBBIX COOBITHI, COBMECTHMOE C OXKHUIAEMBIM 3HAaYeHWEM. Tak
JKe TTOJTHOE YMCJI0 COOBITHH, onpeaeseHHoe (byHKINeH HanbOMbIIero MpaBaoIog00us COTIACYeTCs ¢
HaOII0TAaEMBIM.

Bepxuwit rpaduk ma prucynke 14 moka3biBaeT PEKOHCTPYUPOBAHHYIO MACCy TOT-KBAapKa HA TaH-

HBIX, HOPMaJIN30BaHHY0 (hopmy (oHa n curaana + ¢ona n uamenennsg — In(L/Lyax) Kak GyHKIHO
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MacChl TOTI-KBapka. B KauecTBe n3aMepeHHOI MacChl TON-KBapKa DepeM 3HAYEHUE My, COOTBETCTBY-
foIllee MUHUMYMY (DYHKIIAN TTpaBaonogodus. CTaTncrudeckne HEONPEAeEHHOCTH TOJYUEHbl ¢ TT0-
MO0 onpeaenenus mupuibl tpn — In(L/Lpax) + 0.5, 1 monpaBkn Ha HEJTOONEHKY MOTPEIIIOCTe,
MTOJIYIEHHYIO C TIOMOIIBI0 omubok mynoB. B tabmutie 111 npusegensr m3Mepentnas Macca TOM-KBAPKa
U CTATUCTUYECKHME OMUOKY, MONpaBjIeHHble HA KOPPEKIIUU st IUPUHBI ITYJI0B.

Hwxunit rpaduk wa pucyHke 14 mokasbiBaeT CpaBHEHWE W3MEPEHHBIX CTATHUCTUIECKUX OIITH-
60K C ommbKaMI OT mceBmoIKCcIepuMenToB mis my = 170 GeV/c? npu uCHoIb30BAHNN B KA [OM
MICEBIOAKCIIEPUMEHTE UNCIA COOBITHI, PABHOMY HADIOMAeMOMY Ha JaHHBIX. BeposgTHOCTD oIy Ue-
Hus HADJIIOJAEMOI CTATHCTHIECKOA ommbKu onpenesiena, pasaoii 19%. g nanpreiimell nposepku
CHATO OTPAHUYEHNE HA IUCI0 (DOHOBBIX COOBITHIT B (DyHKIMN HamGOJILIIEro mpaBaonogodms ( T.e.
wien Ly, B coornomutennu 21). B pesysbrare takoit dut mokazasn uncio HoHoBbIX cOOBITHIE, GIH3KOE
K HYJII0, 9TO TIOATBEPKIaeTCs neepposkcnepuMentamu st PHI-merona B 20% ciayuaes jayst Habopa
my = 170 GeV /2.

Kpowme crarncrudecknx HeoTpegeeHHOCTel TP W3MEPEHUN MACCHI TOT-KBAPKa, BOZHUKAIOITHX
M3-33 OTPAHUUYEHHOTO HADOPA IKCIEPUMEHTAJBHBIX JAHHBIX, CYIIECTBYeT HECKOJBKO MCTOUYHHUKOB
CHCTeMATHYeCKUX OMIMOOK: HEONPEJeIeHHOCTH B MOJCIUPOBAHMH tf 1 (POHOBBIX COOBITHII, HETOU-
HOE MOJIeJINPOBAaHNE OTKJIMKA JIETEKTOPA Ha JIEITOHBI U CTPYHW U PA3JIMIHbBIE TTPEIIOJI0KEHNUS, CJle-
JIAHHBIE TTPU PEaTU3aIUN METO M3MEPEHUsT MaCChl TOT-KBAapKa. BOJBITIHCTBO CHCTEMATHIECKUX
OIMUOOK OIMEHEHO COOTBETCTBYIONIMM M3MEHEHUEM BXOHBIX BEJIMYWH B MOJETHPOBAHUN U TOCTPOE-
HUEM HOBBIX ITabJIOHOB MAacC TOM-KBApPKOB. /lajiee, BBITIOJHEHBI MICEBIOIKCIEPUMEHTHI C UCTIOJIB30-
BaHUEM 3TUX HOBBIX ITAOJIOHOB MacC U CPAaBHEHBI MOJIYYeHHBIE 3HAUYEHUS MEJUaH PaCIpeeseHust
MaCChI TOTI-KBapKa ¢ MeJMaHaMU OT MITATHRIX pacrupeaeaeruii. ICTOUHUKYT CHCTEMATHIECKUX OIITH-
HOK TIPeIoIararoTCs HECKOPPEJUPOBAHHBIMEI, TAKUM 00PA30M, TIOJHAS CHCTEMATHIECKAs OITHOKa
OTIPEIEISIACh KAK KBAIPATUYIHAS CYMMa OT Pa3JIUIHBIX OIMUO0K, cM. Tabuauiy V.

B pesynbrare 6aromaps ncmnosb3oBanuio cozmanaoro meroga ( Neutrino ¢ Weighting Method
-PHI) onpenenena macca Ton-KBapKa paBHAsI
169.778:9 (stat.) 4 4.0 (syst.) GeV/c2.

Tabmuna I11: Pesyabrarsl BOCCTAHOBIIEHNST MACCHI TON-KBAPKA. Y KA3AHBI: TIOJHOE YHUCIO HADIIOMAEMBIX CO-
OBITHH, IMCJIO COOBITHIA, 7SI KOTOPBIX HANIEHBI MACCHI TOM-KBAPKOB, OXKUIAEMOE IUCI0 (DOHOBBIX CODBITHI,
pe3yabTaThl hurta GyHKIHEH HANOOIBIIEro TPaBA0noa00ust mpyu (DUKCHPOBAHHOM M CBODOJIHOM KOJIUYECTBE

(POHOBBIX COOBITHIA.

MeTOJI JaHHbIe don dukcupoBan ¢don He pukcupoBaH
Niot Nyl ny Y N ny my (GeV/c?) my (GeV/c?)
PHI | 33 33 105+1.9] 244+59 100419 169.7450 | 169.2 + 6.4
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Puc. 14: Pesynprarst PHI-meTona Ha sxcrepuMeHTaIbHBIX AJAHHLIX. Bepxauit rpaduk: peKOHCTPYyHPOBAHHAL
MAacca TOM-KBAapKa Ha JAHHBIX (TMCTOrpaMMa) ¢ HOPMAJIU30BAHHBIMY (DOHOBOM M CUTHAIBHON+()OHOBOI 3a-
BucuMocTsimu (B.1.8.) u dyukimeii HanboabIero npasaonogaodus (Becrapka). Huxnuii rpadux: cpasHenune

IKCIIEPUMEHTAJbHBIX CTATHCTUYICCKUX HOFpeIHHOCTefI (BepTI/IKaJIbeIe IH/IHI/II/I) C IOTPEIMHOCTAMM, OIIPEICJICH-

HBIMHE B TICeBAO3KcTIepuMenTax ais 170 GeV/ 2.

Tabmmma IV: CucremMaTnaeckne omubKE H3MepeHns Macchl Ton-Kpapka B GeV /c2. Utorosas omubKa, moTy-

YeHa KBaJAPATUYIHBIM CJIOZKCHHUEM oInboK 0T Pa3IMYIHBbIX UCTOYHHUKOB.

HCTOYHUK CHCTEMATHYCCKON oImbOKm PHI mero
BoccranoBienue suepruu B KaJaopuMeTpe 3.5
Boccranosmenune sneprun b-cTpyit 0.7
MC remeparop 0.7
PDEF’s 0.6
ISR 0.6
FSR 0.4
@opma pona 1.5
Hrorosasi ommbka 4.0
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B 3akJiioueHunu m3sioKeHbl OCHOBHBIE PE3YJIBTATH] JUCCEPTAIMOHHON PabOTHI:

1. M3mepena Macca t-KBapKa B AWIEIITOHHOI MOJE pacnaa Ha crarucruke 340 pb~! ¢ moMorbo
PHI-metoma, pazsuroro B padore: My, = 169.7 55 (stat.) & 4.0 (syst.) GeV/c?. Jloctur-
HYTBIA Pe3yJbTAT MPUHAIIEKUT K IUCIY HAMOOJIee TOUYHBIX HE3aBUCHMBIX M3MEPEHUNH MACCHI

t-kBapka B “IIMJIEITOHHOM KaHAJIE.

2. llpeasoxken, onTUMU3UPOBAH U KCIepuMenTaabHo nmpuMenen Bruepsbie Ha CDFII PHI-meros
U3MEpEeHHs MacChl t-KBapKa B JUICITOHHON MOJE Paclajia ¢ PeKOHCTPYKIel cOOLITHil mpH
TTOMOIIU CKAHUPOBAHUYA MATPUIHBI a3SUMYTaJIBHBIX YTJIOB pPa3Jji€Ta ABYX HeﬁTpHHO. MeTO,ZL
YCIIETITHO TPOIIeSI arpobaluio Ha “KOHTPOJBHBIX HADOpax” cobbiTuit u ox0bpen KoJLtabopa-

[reil I MacCoBOM 0OpabOTKHU 3KCIEPUMEHTAILHBIX TaHHbBIX.

3. SVT ycrermHo mpuMeHeH Jjisl BIEPBBIE OCYIIECTBACHHOTO U3MEPEHNs apaMeTpa CMeImBa-
—0
anst BO-B -me3omoB ma cratnctnke 1 fb~1: Amg = 17.31 10923 (stat.) + 0.07 (syst.)ps™'.

Benmamma Amg cOOTBETCTBYET OXKMIAHUIM CTAHIAPTHON MOIEJIH.

K gucny pesyspraros, JoCTUTHYTHIX ¢ TOMOIIBEI0 SV'T, Takyke 0THOCATCS: 0OHAPYKEHIE Pac-
naga BY — ¢¢, mepsoe m3mepenne BeposTHOCTH pacmaga Ay — Af 7T, yaydmenue cpegme-

vupoBbix(PDG) mannbix mo u3mepenuto mace Bs, Ap u pasauner mace DF — DV,

4. TlosyueHa OlEHKa MAKCUMAJIBHON TyBCTBUTEILHOCTH K M3MEPEHHUIO TIApAMETPA CMEITUBAHUS
70 —
BY-B -mezonon A(ms) ma ganaex 1-ro cearca CDF: Am“=6.8 ps~! ma 95% yposme mo-

CTOBEPHOCTH.

5. Buepsple Ha aJpoHHOM KoJjlalijiepe pa3paboTaH ¥ CO3JaH, COBMECTHO C KOJIJIEIaMH,
armraparHo-iporpaMmmubiii kommeke SVT -“rpurrep na npunensabiit napamerp” (Tpebosanmue
HAJIMYUS TPEKA C MPUIEJbHBIM napamerpom > 100 MKM). DTO OTKPBLIO pAHEe OTCY TCTBOBAB-
M€ BOBMOXKHOCTH P PEKTUBHO OTOMPATL YNCTO aJPOHHBIE PACIAIbl YaCTHII C C,b-KBapKaMu
6starogaps nojapenuto (poua ¢ pakropom ~1000. llpunnunuaabHas 9acTb 3TON0 KOMILIEKCA
- CO3aHHAS W ONTUMU3NPOBaHHAS OnbIMmoTeka 06Pa30B TPEKOB MJIsT aCCOIIMATHBHON TTaMaTH
BEPIITUHHOTO TPUTTEPA, 0DECIIEUNBIIAT IPUHATHE PEIIEHUsS] TPUTTEPOM B TEUEHUE 3ATLIAHIPO-

BAHHOTO WHTepBaJsa Bpemenn - 14 us (L2-rpurrep).

6. MSyqubI C IIOMOIIBIO IIPOTPaMM MOJCIUPOBAHUA U IKCIICPUMEHTAJIBHO UCCJICAO0BAHBI XapaK-
repuctuku HoBoro SVT tpurrepa (paspemenue, sddekrusrocts). [lokazano, 9ro pasperre-

HUE TPUTTEPa 04 = 35 UM COOTBETCTBYET IMTPOEKTHOMY.

Coznana panee orcyrcreopasiiag Ha CDF addextuBnas apromarmaeckas cucrema off-line
KOHTPOJIS 33 OCHOBHBIMU TIapaMeTPaMU BEPITUHHOTO TPUTTEPA C ONpedeSeHrueM TOT0KEHN

ob1acTr B3aUMOJEHCTBUS PP Iy IKOB.

30



1]
2]

[3]

[4]

[5]

[6]

[7]

18]

19]

[10]

[11]

[12]

[13]

[14]

OcHOBHBIE PE3YJILTATHI JUCCEPTAINN ONYOINKOBAaHBI B paboTax:

HO.A.Bynaros, B.B.I'narones, U.A.Cycyos, “O630p N0 U3MEPEHUIO MACCHI TON KBAapKa HA YCTAHOBKE
CDF B NpOTOH-aHTHIPOTOHHEIX CTOMKHOBeHMAX pr V.S = 1.96 ToB.”, DUAY, 2007, Tom 38, BBITYCK 3
CDF collaboration, "Measurement of the top quark mass using template methods on dilepton events
in p anti-p collisions at s**(1/2) = 1.96-TeV.", Phys.Rev.D73:112006,2006

PDG, “Review of Particle Physics”, Journal of Physics G:Nuclear and Particle Physics. Vol.33, July
2006 p.520

A.Abulencia,...V.Glagolev et al.(CDF Collaboration), "Top Quark Mass Measurement from Dilepton
Events at CDF II", Phys.Rev.Lett. 96 (2006) 152002

By CDF Collaboration. G.Bellettini et al., “Measurement of the Top Quark Mass using the Minuit Fitter
in Dilepton Events at CDF”, FERMILAB-pub-05-564-e-td, coobmienne OMAN JINR-E1-2005-18, Apr
2005. 12pp.

By CDF Collaboration. G.Bellettini et al., “Measurement, of the Top Quark Mass using Neuitrino
Phi Weighting Method in Dilepton Events at CDF”, CDF /anal/top/public/7759, coobiienune QML
JINR-E1-2005-129, Apr 2005. 12pp.

A. Abulencia,...V.Glagolev... et al(CDF collaboration), “Measurement of the Bs-Bsbar Oscillation
Frequency” Phys.Rev.Lett. 97 (2006) 062003

W. Ashmanskas, A. Bardi,... V.Glagolev et al., “The CDF Silicon Vertex Tracker: online precision
tracking of the CDF Silicon Vertex Detector,” 4th International Conference on Large Scale Applications
and Radiation Hardness of Semiconductor Detectors, Florence, Italy, 23-25 Jun 1999., IL Nuovo
Cimento, vol. 112 A, no. 11, pp. 1239-1243, 1999.

W. Ashmanskas, A. Bardi,... V.Glagolev et al., “Silicon Vertex Tracker: A fast precise tracking trigger for
CDF,” Proceedings of 8th International Workshop on Vertex Detectors (Vertex 99), Texel, Netherlands,
20-25 June 1999., Nucl. Instr. Meth., vol. A 447, pp. 218-222, 2000.

W. Ashmanskas,... V.Glagolev et al., "The CDF silicon vertex tracker.” FERMILAB-CONF-99-158-E,
proceedings of 6th International Workshop on New Computing Techniques in Physics Research: Software
Engineering, Artificial Intelligence Neural Nets, Genetic Algorithms, Symbolic Algebra, Automatic
Calculation (AIHENP 99), Heraklion, Crete, Greece, 12-16 Apr 1999.

S. Belforte, J. Budagov,... V.Glagolev et al., "THE CDF SILICON VERTEX TRIGGER FOR B
PHYSICS STUDY."Coobiienne OUAN JINR-E1-2001-19, Mar 2001. 9pp.

W. Ashmanskas,... V.Glagolev et al., "The CDF silicon vertex tracker"5th International Conference on
Position Sensitive Detectors (PSD 5), London, England, 13-17 Sep 1999., Nucl.Instrum.Meth. A477:451-
455,2002

W. Ashmanskas,... V.Glagolev et al., "The CDF online silicon vertex tracker."FERMILAB-CONF-01-
291-E, Nov 2001. 6pp. 5th international conference on large scale applications and radiation hardness
of semiconductor detectors, firenze, italy, jul 4-6, 2001.

A. Bardi,... V.Glagolev et al., "The CDF 2 online silicon vertex tracker."8th International Conference on
Accelerator and Large Experimental Physics Control Systems (ICALEPCS 2001), San Jose, California,
27-30 Nov 2001. Published in eConf C011127:THBT003,2001 Also in *San Jose 2001, Accelerator and
large experimental physics control systems® 448-452

A. Bardi,... V.Glagolev et al., "The CDF online silicon vertex tracker."7th International Conference
on Advanced Technology and Particle Physics, Villa Olmo, Como, Italy, 15-19 Oct 2001.,
Nucl. Instrum. Meth.A485:178-182,2002

31



[15]

[16]

[17]

[18]

[19]

W. Ashmanskas,... V.Glagolev et al., "Performance of the CDF online silicon vertex tracker."2001 IEEE
Nuclear Science Symposium (NSS) and Medical Imaging Conference (MIC), San Diego, California, 4-10
Nov 2001. IEEE Trans.Nucl.Sci.49:1177-1184,2002

W. Ashmanskas,... V.Glagolev et al., "CDF Silicon Vertex Tracker: Tevatron Run II preliminary
results."Tlucema B 9TA .5:12-24,2002

W. Ashmanskas,... V.Glagolev et al., "Initial experience with the CDF SVT trigger."10th
International Workshop on Vertex Detectors (Vertex 2001), Brunnen, Switzerland, 23-28 Sep 2001.,
Nucl. Instrum. Meth.A501:201-206,2003.

W. Ashmanskas,... V.Glagolev et al., "THE CDF SILICON VERTEX TRACKER."9th Pisa Meeting on
Advanced Detectors, La Biodola, Isola d’Elba, May 25-31, 2003., Nucl. Instrum. Meth. A 518:532-536,
2004.

F.Bedeschi, J.Budagov, G.Chlachidze, V.Glagolev, T.Miao, Estimation of the sensitivity to Amg from
combination of various BY decay channels in CDF RUN I, Coobmenns OUAN JINR-E1-99-180

32



